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INFECTIOUS DISEASES. 


CHAPTER I 


INTRODUCTION TO THE STUDY OF INFECTIOUS DISEASES 
By LUDVIG HEIO'OEN, M D 

Certain vnmile organisjns develop, winch the eyes cannot see, andichich 
{being disseminated) in the air enter into the body by way of the mouth 
and nostrils, and give rise to senous ailments — ^Varro, 116 to 27 B C 


THE GENERAL NATURE AND SPECIFIONESS OF INFECTIOUS 

DISEASES 

By infection we generally understand the entrance into the body of living 
agents, capable of multiplication, most commonly microbes, which then 
cause disease ^ It is true that sterile chemical substances of bacterial origin 
may produce the symptoms typical of ceitam infectious diseases, without 
infection being present m the usual sense A good example is the pi oduction 
of tetanus by tetanus toxin without infection with tetanus bacilli Spontane- 
ous diseases of this kind are practically unknown, because the poisons do not 
occur in sufficient quantities free m natuie Human tetanus, it is true, has 
been caused by the injection of antidiphtheria serum drawn from hoises in 
the period of incubation preceding the active symptoms of tetanus caused by 
natural infection Expeiimentally the symptoms of diphtheiia and tetanus 
are produced readily m susceptible animals by the injection of sterile toxins 
of the coriespondmg bacteria Disease so produced is, however, not com- 
municable m the sense that infectious diseases are, because the morbific agent 
— the toxin — is incapable of multiplication 

The conception of the specificness of the causes of infectious diseases prob- 
ably arose early m the history of medicine Leprosy, scabies, and hydro- 
phobia were held to be transmissible diseases m early times Later the 
observations on immunity and immunization helped to establish the individ- 
uality of smallpox, measles, and scarlet fever The fact that suivival of an 
attack of one disease protected against further attacks of that disease only, 
and against no other, as well as the results of inoculation m smallpox, 
pointed most clearly to the existence of specific causes, which were indi- 
cated by the specificness of the immunity But only m modem times has the 
existence of a specific morbific agent been postulated for each infectious 
disease 

'In this article the strictly microparasitic infections alone are considered 

VOL 2 — 2 17 
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The earlier efforts to demonstrate the microbic causes of infectious diseases 
— 1830 to 1870 about — ^met ith great obstacles both from imperfect technical 
methods and the erroneous doctrine of spontaenous generation and the nat- 
ural deduction based thereon, namely, that microbes present in the lesions 
of infectious processes were the products and not the cause of the diseases 
When the doctrine of spontaneous generation ^\as overthrown by Pasteur 
and others, there followed a period during ^^hlch it was taught by some that 
the same bactenum was capable of existing m numerous forms endoived with 
different functional powers The follo^\lng citation from Nageh illustrates 
clearly this idea of unlimited vanability of microbes “In the course of gen- 
eration the same species assumes alternatinglj’^ different morphological and 
ph}siological forms ^^h^ch, as years and periods of years pass by, may cause 
now sounng of milk, now the foimation of butync acid m sauerkraut, now 
the fermentation of wmc, now the decomposition of albuminous matters, now 
the splitting up of urea, now the red color of starchy food, and give rise now to 
diphtheria, now to typhoid fever, now to recurrent fever, now to cholera, now 
to malanal fever ” But the efforts to demonstrate the tiuth of this state- 
ment by experimental transformation of the harmless hay bacillus into the 
anthrax bacillus failed, and Nageh’s wens soon lost support 

In the meantime Pasteur had demonstrated that certain forms of fermen- 
tation and decomposition are associated iiith definite organisms, and the 
introduction by Koch of solid media for the pure culture of bacteria i\as 
another long step foru ard m the establishment of the specificness of infec- 
tious agents A means was now given for the careful study of the properties 
of bacteria, and the specific cause of many infectious diseases was studied 
and in several instances the etiological role established completely in accord 
mth Koch’s well-known laws Very soon further CMdence of the specificity 
of infectious microbes w'as secured, as the mechanisms of their pathogenic 
action, their ehemistry, and the specific nature of the reactive products — 
antitoxins, lysins, agglutinins, precipitms — m the infected organism w^ere 
subiected to careful study 

Modern studies of immunit}" have established the distinct and permanent 
individuality of infectious miciobes, even in the case of those that cause 
inflammations now' in one organ, now m another, and w'e have every reason 
to believe that an infectious disease that differs clinically and epidemiologic- 
ally from other infectious diseases has its owm pecuhar specific cause 


INFECTIOUS AGENTS 

By pathogenic microorganisms w'e understand a number of different low 
foims of life that possess the important feature in common of causing infec- 
tions in human beings and animals The pathogenic microorganisms belong 
to various classes some, like fungi, are low forms of vegetable life, the 
piotoroa are unicellular forms of animal life, while the bacteria occupy a 
position midway between these two groups, resembling the fungi in their 
mode of nutrition, and flagellate protozoa in that some possess a locomotive 
apparatus consisting of flagella In addition it has been show n recently that 
ccitain infectious diseases are caused by agents that, wliatever their nature, 
pass through filters that hold back bacteiia (filterable or ultramicroscopic 
VII us) 
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Pathogenic Bacteria — Of the vanous forms of pathogenic microorgan- 
isms the bacteria are the most important so far as concerns the infectious 
diseases whose etiology is understood clearly at the present time In com- 
parison with the endless numbei of saprophytic varieties, the number of 
pathogenic bacteria is so small that they are in reality quite exceptional Of 
the numerous vibrios, for instance, practically only one, namely, the cholera 
vibrio, IS pathogenic for man There are all degrees of transition between 
the purely saprophytic bacteria and the pathogenic Many saprophytes 
when introduced into the body in large number exercise a purely toxic effect 
without being infectious in the strict sense — that is, able to invade the tissues 
and there multiply 

Piom their parasitic relations, pathogenic organisms fall into three groups, 
namely 1 Obligate parasites, which develop only within a living host (the 
bacillus of leprosy, the spirillum of relapsing fever, and the protozoa of 
malaria) 2 Facultative saprophytes — ^microbes that are ordinarily para- 
sitic but able to grow outside the body under special conditions The major- 
ity belong to this group, but there is no sharp distinction between obligate 
parasites and facultative saprophytes The tubercle bacillus, foi instance, 
may be cultivated artificially, but it is doubtful if it could grow outside the 
body under natural conditions In these two groups the adaptations to 
parasitic life are highly perfected, and in many, perpetuation is dependent 
upon continuous transmission from host to host 3 Facultative parasites — 
saprophytic organisms capable of some degree of parasitic existence, but so 
far as perpetuation of the species is concerned it appears to be a matter of 
little importance whether they invade the living body or not (B tetani, B 
aerogenes capsulatus, Amoeba dysenteriee) These various forms are re- 
garded as the result of a phylogenetic parasitic adaptation It is regarded as 
quite probable that all bacteria capable of so adapting themselves have done 
so already, and that no new disease will arise from new adaptations The as 
yet poorly understood or wholly unknown causative agents of hydrophobia, 
variola, measles and scarlet fever, appear to be obligate parasites, and in the 
case of measles and scarlet fever the specific agents appear to find suitable 
conditions for propagation in man only 

Pathogenic Protozoa — ^Important infectious diseasesin man and animals 
are caused by protozoa, e g , malaria, amcebic dysentery, trypanosomiasis, 
piroplasmosis, and possibly yellow and scarlet fever The study of pathogenic 
protozoa and their products has been confined so far within somewhat 
narrow limits because of our inability to grow these microorganisms in pure 
cultures on artificial media However, decided progress has been made in 
overcoming this obstacle In 1901, Lignieres observed that a considerable 
proliferation of Piroplasma bigeminum may be obtained by placing defibrin- 
ated blood, rich in the organisms, either at room temperature or in the incu- 
bator for ten to thirty days He succeeded in obtaining subcultures to the 
fifth generation by inoculating “lisemoglobinEemic serum ” So far this 
observation seems to have attracted little notice In 1903, Novy and McNeal 
demonstrated that rat trypanosomes can be grown artificially on agar mixed 
Avith defibnnated rabbit’s blood, and, soon after, that Trypanosoma Brucei 
could be cultivated in vitro in the same way 
Ultramicroscopic or Filtrat© Vims — ^^anous reasons are assigned for 
the failure to discover the causes of many diseases of undoubted infectious 
nature It has been suggested that some may be caused by a mixed or 
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symbiotic infection, the non-to\ic products of two microbes uniting to form 
a specific tovc substance At all events these infectious agents appear to be 
unstainable and uncultivatable by our present methods The recent demon- 
stration by Schaudinn of Spirochiete pallida in the lesions of sj'phihs again 
emphasizes the great value of special staining methods There is good 
reason to believe that the chief reason for the invisibility of the agents con- 
cerned m many diseases of unknown etiology is due to their ultramicro- 
scopic size If the influenza bacillus were four to five times smaller, it could 
not be seen with the ordinary micioscope The organism of peripneumonia 
IS so minute that it is barely visible, it occupies the border line between the 
visible and the invisible 

It has been shown that the viruses of foot-and-mouth disease, peripneu- 
monia, rindeipest, sheep-pox, chicken-typhus, horse-sickness, epithelioma 
contagiosum in fowls, yellow fever, hydrophobia, and hog cholera,^ pass 
through vaiious filters ordinarily regarded as impermeable to the smallest 
known bacteria The filtrates give no morphological sign of containing 
visible corpuscular elements (except in peripneumonic virus), are virulent, 
and the diseases so caused are transmissible and hence truly infectious 
The only virus of this group that has been cultivated is that of peripneu- 
monia 

The viruses of smallpox and vaccinia and of the so-called Rocky Mountain 
fever are not filteiable Scarlet fever, measles, chickenpox and typhus fever 
are not transferable to animals, so that the question of filterabihty of their 
viruses remains open 

Infectious Chemical Agents — ^Benjamin Moore believes that certain 
infectious diseases of unknown etiology may be caused by enzjmes He 
finds m autocatalysis an example of a chemical action that explains the 
apparent repioduction of the virus m infectious diseases In autocatalysis 
the reaction at first proceeds very slowly, gradually acquiring increasing 
speed as the products accumulate When copper oi mercury come m con- 
tact with nitious acid there is at first no evident action, but as nitrous acid 
develops, it acts catalytically, increasing the velocity of leaction and its own 
production at the same time Now, says Moore, there may be abnormal 
cellular reactions of similar catalytic character that produce the same bodies 
as those necessaiy to promote the reaction As this “chemical virus” in- 
cieases in amount it may cause the clinical picture of the disease, and on 
passage to other susceptible persons the same piocess would repeat itself 
As yet this interesting theory is without expeiimental proof. 

THE SOURCES OF INFECTIOUS AGENTS, AND THE WAYS AND 

MEANS OF INFECTION 

At the present time the common all-important source of the miciobes 
that cause infectious diseases is the sick man or animal from which the 

^DeSchweinetz and Dorset (Bureau of Animal Industry, 1903, Circular 41) showed 
that the real cause of hog cholera passes through “the finest porcelain filters " 
This remarkable observation is confirmed by Boxmeyer (J ournal of Infections Diseases, 
1905, vol 11 , p 359), and by Dorset, Bolton, and IMcBryde (Bureau of Animal 
Industry, 1905, Bulletin 72) The latter observers are inclined to regard the hog- 
cholera bacillus, hitherto accepted as the essential cause of hog cholera, as a second- 
ary invader 



INTRODUCTION TO THE STUDY OF INFECTIOUS DISEASES 21 

microbe may pass to other individuals and start new infections either by 
direct or indirect transfer Prevention of infectious diseases rests on a know- 
ledge of the mode of spreading and the more accurate and complete this 
loiowledge, the more eftective becomes our prevention Only a few patho- 
genic germs lead a regular saprophytic existence The bacilli of tetanus, 
of botulism and of emphysematous gangrene, may inhabit the intestinal 
contents of the larger animals and man, and occur m many soils, especially 
where manure is deposited The action of B tetani is essentially toxic, 
and it has hai dly any invasive pou ers The gas bacillus and other anaerobic 

bacteria with pathogenic powers, are also essentially saprophytic in their 
habits, and perpetuate themselves without difficulty outside the body 
Occurrence of Pathogenic Bacteria on Healthy Human Bemgs and 
m the Internal Organs of Healthy Animals — So long as microbes remain 
wholly upon the surface of the body, either externally or internally, they aie 
not able to produce disease The skin and the mucous membranes which 
communicate with the external air constantly harbor bacteria capable of 
causmg disease under smtable conditions The principal pathogenic bac- 
teria present on the skin and mucous membranes of man are streptococci, 
staphylococci, pneumococci, diphthena bacilli, colon and influenza bacilli, 
and certain pathogenic anaerobes Streptococci and pneumococci of un- 
doubted pathogenic possibilities are present upon the tonsils Certain 
staphylococci always occur on the skin Pneumococci occur m the saliva of 
a considerable percentage of healthy persons, and also on the tonsils m 
conjunction with streptococci and perhaps with equal frequency Diph- 
theria bacilli may be found m the throats of normal persons, especially m 
connection with outbreaks of the disease in schools and other institutions 
Tubercle bacilli have been found upon the nasal lining and skin of healthy 
persons Meningococci have been found in the nasal mucus in a considerable 
percentage of persons in close contact with patients suffering fiom epidemic 
cerebrospinal meningitis In outbreaks of typhoid fever, Asiatic cholera, 
and dysentery, when the bacilli of these diseases are disseminated freely, it 
is not unusual to find them in the intestinal contents of individuals who do 
not suffer from infection Persons who have recovered from typhoid fever 
may haibor tj’phoid bacilli in the urine and the bile for months and even 
years These facts illustrate the manner in which healthy persons may 
convey specific infectious germs to those that are susceptible 
It IS stated generally that the internal organs of healthy animals are free 
from bacteria, and this is the conclusion reached by Neisser, Opitz, and 
others Others, however, have reached different conclusions Kalbe found 
that m hogs the peribronchial lymph glands commonly contain pneumococci, 
capsulated bacilli, and pyogenic organisms Tubercle bacilli have been 
found m normal human lymph nodes by Harbitz Ford found that the 
internal organs of rabbits, guinea-pigs, dogs, and cats, yielded cultures in over 
half of the cases, and his experiments were made under conditions that 
appear to have excluded the possibility of contaminations In most instances 
it concerned intestinal forms, staphylococcus aureus was found, and in 
cats and dogs certain peculiar unidentified bacteria were present Fasting 
animals give more sterile organs than those that were eating Whether all 
these hactena are to be regarded as continuous invaders from mucous sur- 
faces, or whether some of them at least constantly inhabit the tissues, are 
undecided questions, as are also their relations to actual infections Wrzosek, 
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who cultivated bacteria from various internal organs of a considerable pro- 
portion of the animals investigated, most numerously m dogs, believes that 
the bacteria come principally from the intestinal tract and that this form of 
‘‘physiological infection” explains many puzzling cases of cryptogenetic 
infection 

Transmission of Infection by Animals —Animals may cause human 
diseases m three different ways In the first place, they may suffer from 
diseases directly or indirectly transferable to man, e g , anthrax, tubercu- 
losis, glanders, pest In the second place, animals, especially flies, may act 
as mechanical carriers of germs m such a way that contact or food infection 
of human beings occur Suctorial insects may transfer infective matenal 
from the sick to the well In the third place, certain animals, especially 
mosqmtoes, act as intermediary hosts for pathogenic protozoa and organisms 
of as yet unknown nature, which here pass through developmental cycles 
and acquire infectious powers so that they cause disease when deposited 
again m the tissues of susceptible persons, as in malaria and yellow fever 
The first demonstration of an intermediate host of this kind was made 
by Theobald Smith and Kilbourne, who showed that the parasite of Texas 
fever in cattle is transmitted by a tick Their work paved the way for the 
demonstration of the role that the mosquito for some time has been suspected 
of playing m malaria and also in yellow fever Trypansomiasis and pero- 
plasmosis have also been shown to be conveyed by certain flies and ticks, but 
in trypanosomiasis at least the insects appear to play but a passive part 

Aerial Infection — ^Infectious microorganisms may be deposited on the 
ground or floor, on clothing, and on articles of various kinds There is 
abundant evidence that the acute exanthematous diseases, wound infections, 
pest, diphtheiia, typhoid fever, and other diseases, may be carried by infected 
clothing and other articles In most of these cases it concerns the conserva- 
tion of microbes m vimlent form rather than actual multiplication, cholera 
and typhoid bacilli may multiply perhaps in fecal masses deposited on cloth- 
ing Until a few years ago aerial infection was regarded universally as 
infection by dust, carrying dried bacteria Cornet called our notice to the 
dangers of dried tuberculous sputum In 1897 Plugge began a senes of 
investigations of the air as the carrier of infection, the results of which 
established that air may convey bacteria not only when dry, as dust, but also 
in fine bubbles or droplets of sputum or moisture Of these two forms the 
second is probably the more important in spreading disease in general 

Dust Mection — True dust infection requires that the organism with- 
stand drying in the air to the extent that it can be whirled about and carried 
for some distance by air currents Dry bacteria of this kind constitute the 
real danger in dust infection as now understood Of course strong cur- 
rents, mechanical disturbances of accumulated matter, “dry dusting,” violent 
shaking and rubbing of handkerchiefs and other contaminated articles, may 
set in motion for a time larger particles containing infectious materials, but 
these would rapidly settle down, when it is true, they might cause infection 
from direct contact, whereas it has been shown that smaller particles of 
completely dried material may remain suspended for three or four hours, 
and herein hes one of the chief elements of danger of tins mode of infection 

Largely upon the basis of the results obtained by Neisser, Gotschhch 
divides pathogenic bacteria with reference to their power to communicate 
disease when dry as follows 
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e\pelled, tin' nninre of liu' nir ('nrrenl.i, nnd the ,iirt' nnd wcij^hl of the droi)- 
ieln, Ko('nip;er found llmf idler riiwin^ llie inonlli wllli n ,in,ipcn,ilon of (i, 
jM'odiAio'inn, dropliM.s coninininf!; hncilli were cnrricil nn fnr nn 12 1 meter, n. 
TnlnMenlonn pnlieni, i inrt'ly throw out drojileln further Ihnn I h mcliM', nnd 
thin ii the limit williin whi'cli icMocinlion will) conuliinfi; con,inmplivc,i nmni 
he lefpirded n,i po,iliv)'lv tlnn(!,eronrt, \n rc|pirdn droplet infi'cdon relnlivcly 
ntionn nnlienln wlio wnlK idioni mny he Jn,il nn diinjp'ron.i ii,i tin' wciiK nnd 
hedridilen nnd I'vcn more ,io. Ott neemmt of I lie vincid clinrncler of tnlier" 
cnlon,i ,simtnm llte droplt'l,i on dryinj\ ndlicre llrmly, nnd it ncem,i llinl 
mei'hnnieni intlneneen nre neceamvv i)) onh'r It) loo, ten ))i\rliei<M from dry 
dropn. 'I'lihcrele hncilli mny remiiln niive for eif\iuei'n diiyn in diop,t I lint 
dry in llic dnriv, nnd for lliree dny.i in llu' li)d)l> 

Nnmeroni i)nllio)^emc jp'roin mny In' diiuemimilcd liy droplet, i or hnlihlefi 
of mmnw nnd ,inlivn, nmoii^\ lliom mivil of |lio,>it' iliiil die on dryliijp It in 
liKelv Ihnt indneiu'ii, nnemnonin, diphllieriii, wlioojiinf^'-congli, mennle,i, 
ncnrh'l fever, nnd ,nmnllpo\, nre commnnicnied freely in lliin wny, nml 
pioinilily idfio i'nidi'mic m('ninf^ili,i, .Sireplocoeel mny he cspclled to viiiioiin 
dinlimciM in tnllvin}!:, eonf\liinf\, nnd even in rniiid hreiilliinu, nnd nndonhl'- 
edlv oiterntiye infeelionn miiy ije ennned in llii,i wny. it l,i id,>io prolnihle llinl 
m lio'ipitid wnrd I eipeeiidly, virulent ,‘ilieplocoeei nnd pnnnmoeocei mny ho 
connmmicnied llnonf\l) droidt'l itifeetioo, ,Selniclfer fmmd llinl jinlii'nln 
willi IcproiM le.nionn m the monlli imd re,‘iplrnlory Iriiel mny <'spcl Inr/p' 
nmnlii'm of li'prn hncilli in droiiletn of mnimn, Adrinl lid’ei'lioJi of whnii'ver 
chnrneier i,i moni dnn^cron,i hy fnr in cloned I’oomn, I’ldlwny cnr,i nnd nliop,i, 
In tlie open it in fnr le,i,i lilo'ly to oeenr hecnn,teof llie mifimjled npnci', llio 
nli'onf\ enrienin of nir, nnd llie nclion ofnnnnliine, 

WnliOV-horno Tnfoo^^o^.~^Vnler plnynnn c.nenlinl role in the din,neminti" 
lion ol typhoid fever, ehole)n, hiieilinry nml nmo'hie dy,ienlery. It in only 
('\ci*])tionnlly Ihni nclnnl hnclei’inl mnltiplii’iilion InKen plnei'. ' In Imiin Ih'o 
tem])einlm<' nnd immnni of vcjp'tnhle nnd oilier miiterinln in the wnlci',n of 
the ((iiiif^cn ennhle (he eholern n|)lrilln to mnlliply. In nioni wiitem in 
tempeinte elimnten tiie Inieterin nre nhle to mnininin life only for n compmn" 
lively nhort time, it innnid, hugely nn the remit of hihornlory e,speiimcnl,*i, 
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that cholera germs wall remain alnm m wmter under "natural conditions” 
for three months, and typhoid bacilli for four wrecks In the experiments of 
Jordan, Russell, and Zeit, m which typhoid bacilli were exposed to canal and 
river w^aters m sacs permeable to dissolved substances, the bacilli peiished as a 
rule wathm three to four days Theoretically it may be possible that resist- 
ant bacteria may wathstand for a longer period the specially hostile influ- 
ences in water 

The Soil and. Infection — ^According to Pettenkolfer's theory the subsoil 
played an essenbal part in the dissemination of infectious diseases, but 
this theory has been abandoned because it has been shown conclusively that 
pathogenic germs do not reach and cannot live m the deeper layers of the soil, 
wdiich normally are sterile Experimentally it has been found that typhoid 
and cholera bacteria may retain their \iabihty for some time wdien deposited 
in the superficial lajers of the soil Rullmann found that typhoid bacilli 
implanted in sterile sand remained alive at the end of eighteen months w hen 
the material had dried completely Levy and Ke'yser have showm that the 
contents of prii^' vaults containing t-y'phoid bacilli may be dangerous even 
after months Anthrax bacilli may live for a long time in the ground, where 
they pass into spore forms wdiich may infect susceptible animals The super- 
ficial layers of manured soil also harbor pathogenic anaerobic organisms, of 
wdiich the most impoitant are the tetanus and the gas bacillus 

Food and Infection — ^Various pathogenic bacteria may occur in foods 
These may be denied from animals, as tubercle, anthrax, glanders and 
paratyphoid bacilli and streptococci Food, especially milk, ongmally 
quite pure, is frequently contaminated on its way to the consumer Diph- 
theria bacilli and the cause of scarlet fever may be disseminated as the 
result of direct contamination of milk, or it may be more indirect, as by the 
use of infected w ater in cleansing utensils, etc , and in this w ay typhoid, 
cholera, and dysentery bacteria may be coni eyed Milk is a peculiarly 
dangerous medium because it furnishes conditions favorable for microbic 
multiplication 03"sters and other shellfish may convey t^qihoid bacilli from 
polluted wateis In recent cholera epidemics, especially in the Philippine 
Islands, the disease w as spread through food to a larger extent than bj con- 
taminated water Non-infective but toxicogenic saproph"^ tes may multiply 
in milk, dairy products, meat, and fish, wdiich, when consumed, thus may 
cause severe — often fatal — forms of acute intoxication Recently para- 
t} phoid bacilli hai e been found to plaj an important role m meat poisoning, 
and m some of these cases the sjTuptoms are Lqilioid-hke, other cases are 
more acute Here it appears to concern the meat of cattle infected during 
life From Malta it is reported that Malta fever probably is communicated 
by the milk of goats that have the disease 


ROUTES OF INFECTION 

Pathogenic microorganisms may enter the body by its external and inter- 
nal surfaces The intact skin ofi’ers mechanical protection against all 
microbes, and so far as w^e know there are probably none that can invade 
the body through the healthy skin wathout causing at the same time some 
lesion at the point of entrance Bactena may find conditions favorable for 
lodgment m the gland ducts and hair follicles of the skin It has been shown 
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experimentally that when Staphylococcus pyogenes aureus and other bacteria 
are rubbed energetically into the skin, they may enter openings of gland ducts 
and cause furuncles In nuismg women staphylococci frequently entei the 
milk ducts Pest bacilli cause fatal infections when applied to the shaven 
but otherwise undamaged slan of guinea-pigs but the possibility of minute 
vounds cannot be excluded 

Minute uounds often foim points of entrance foi infection as is thought 
to occur as a rule in bubonic pest, but the actual wounds ai e rarely demon- 
strable, the bubo being the piimary localization The pulling out of haii 
on the bps is sometimes followed by exceedingly virulent forms of staphylo- 
coccus infections, the so-called carbuncles of the lips Actively bleeding 
wounds aie relatively less dangerous, because the germs that may be present 
are washed away by the blood Experimentally it has been demonstrated 
that when bacteria (anthrax bacilli) enter the bloodvessels of the skin general 
dissemination occurs within a few moments The removal of tension by 
open treatment and drainage greatly lessens the danger of infection through 
wounds Crushing wounds are always dangerous, and clotted blood m the 
depths favors the development of tetanus, contused and crushing wounds in 
geneial are favorable to anaeiobic infection Healthy intact granulation 
tissue offeis complete piotection to ordinary infections according to the 
experiments of Afanassieff and others In the new-born the germs of gen- 
eral infection frequently entei by way of the navel In addition to ordinary 
wound and septic infections the skin is the place of entrance for those dis- 
eases communicated regularly by the bites of insects 

In spite of the protection offered by the flow and the slight bactericidal 
action of teais, the con]unctiva is frequently the seat of local infections with 
vaiious organisms, including the pyogenic cocci, the gonococcus, etc The 
experiments of Romer indicate that general infection probably does not occui 
diiectly from the conjunctiva but indiiectly by the nasal mucous membrane, 
to which the organisms are cairied by tears through the tear ducts Small 
epithelial lesions caused by dust are regarded as favorable to local con- 
junctival infections, but gonococci are capable of infecting the intact con- 
junctiva of new-born children General infections probably do not occur 
through the cornea The loose structure, the great extent of the numerous 
recesses and folds, and the Emphatic tissues of the nasopharyngeal mucous 
membrane, render it, m spite of the protective action of the nasal mucus, an 
impoitant entiance point for infectious organisms, some of which, e g 
tubercle bacilli, are able to pass through without previous injury From the 
nasal mucosa microorganisms may pass into the meninges through the 
cribriform plate, and m this way it has been thought epidemic and other 
forms of meningitis may originate It also seems possible that meningococci 
may find their way to the cerebrospinal membranes by way of the blood 
Infections may extend also to the middle ear through the Eustachian 
tube 

The nasal lining may receive infection from the conjunctiva, and the 
German pest commission found that in rats general infection with pest 
bacilli occurs mth the greatest leadiness from the intact conjunctiva and” 
from the nose Leprosy and glanders commonly deielop primarily in the 
nasal mucosa The elimination of lepra bacilli m enormous numbers, in 
nasal mucus, points to this as a most important source for means of is- 
semination of this disease The Mrus of measles localizes m the nose 
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The lining of the mouth is resistant to infection, and this is fui ther hindered 
by the bactericidal and mechanical action of the saliva and mucus In 
the new-boin, m whom the epithelium is delicate, a mild form of gonococcal 
infection of the mouth may establish itself When vital lesistance seems 
to be greatly reduced, conditions arise in the mouth and throat that are 
favorable for the development of ulceromembranous and necrotic (noma) 
processes m which anaerobic bacteria take part The oral mucous mem- 
brane IS the most common seat of primary actinomycosis, which probably 
develops fiom the implantation of the organisms with bits of straw in the 
gums Kolle found that m rats, pest bacilli enter readily by way of the oral 
mucous membrane and give rise to submaxillary buboes The tonsils are 
impoitant points of entrance of many infections, due, at least m part, to 
their exposed position, their deeply conugated surfaces, and the imperfect 
epithelial lining Streptococci and pneumococci occur upon the surface 
normally The tonsils are the usual seat of invasion of scarlet fever and 
diphtheria, which are associated with a more or less well marked strento- 
eoccal angina Acute rheumatism, infectious osteomyelitis, and obscure 
geneial infections, are often traceable to the tonsils because of initial angina 
Undoubtedly the tonsils are the most important source of the general 
terminal sti eptococcus invasion that occurs so commonly, especially m 
smallpox and scarlet fever While pnmary tonsillar tuberculosis appears 
to be rare, the recent researches of Harbitz show that the tonsils and othei 
phar)Tigeal lymph nodes are important points of entrance for tubercle 
bacilli m early life 

Flugge and his coworkers have shown that bacteria — B prodigiosus, 
tubercle bacilli — when inhaled eithei m the form of an aitificial spray oi 
dry dust, or contained in minute droplets, may be earned into the bronchi 
and pulmonary alveoli Forced inspiration may suffice to carry pathogenic 
geims from the mouth into the finer bronchi Undoubtedly dioplet or 
inhalation infection plays a most important role m the various pneumonias 
(pneumococcal, pest, influenza) In some cases it is difficult to distinguish 
between pulmonary infections fiom without and those that come by way 
of the blood or lymphatic system Paialysis of the cilia of the bronchial 
epithelium from various causes, among them cold, has been suggested as a 
piedisposing cause of bionchopulmonary infection The inhalation of 
dust particles is thought to aid the development of infection by causing 
minute injuries to the epithelium 

The gastric mucous membrane is resistant to infection principally on 
account of the gastric juice, which, when normal, may destroy bacteria oi 
at least hinder their development in the stomach Koch and others found 
that feeding sheep \vith spore-free anthiax bacilli gave negative results, 
wheieas feeding with spores resulted m anthiax The cholera vibrio is 
especially susceptible to the acid gastric juice, the typhoid bacillus less so, 
but when the stomach is empty, or the seat of digestive disturbances, both 
these organisms may pass through unharmed The gastric as well as the 
pancreatic juices destroy diphtheria and tetanus toxin, but have little or no 
effect upon the botuhsmus toxin 

Numerous important infectious diseases have their point of entrance m 
the intestines cholera, typhoid, dysentery, and, in animals, anthrax, 
chicken cholera, and vaiious hemorrhagic septicremias In cholera and 
bacillary dysentery the intestinal mucous membrane is the only point of 
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localization, and it is probable that typhoid bacilli commonly enter the 
body by way of the lymph nodes in the intestinal mucosa This selective 
invasiveness is difficult to explain In some persons there appears to be a 
local immunity to cholera, dysentery, and typhoid bacteria, for in time of 
epidemics ceitam individuals may harbor these organisms m their intestines 
without any evidence of invasion While cholera vibrios and dysenteiy 
bacilli have special affinity for the intestinal mucosa, the bacilli of tetanus 
and of emphysematous gangrene, which often occur in the intestines, do 
not have the power to penetrate the normal intestinal epithelium Undei 
pathological conditions and after death the gas bacillus may pass into the 
tissues and the blood, and most cases of “foamy organs” are attiibuted to 
agonal or postmortem invasion of the gas bacillus from the intestines 
Somewhat similar conditions appear to obtain with reference to the colon 
bacdlus, which, howevei, piobably has a greater invasive power Tubercle 
bacilli are absorbed from the gastro-mtestmal tract, and the primary locali- 
zation may occur in the neighboring or lemote lymph nodes and possibly 
the lungs without necessaiily leaving any lesions at the point of entrance 
When tubercle bacilli are fed to animals they appear to pass quickly through 
the intact mucous membrane into the chyle vessels and thoracic duct (Rav- 
enel, Nicolas and Descos) The investigations concerning the absorption 
of bacteria from the gastro-mtestmal canal in animals have given somev’hat 
contradictory results, and there seems to be no reason to assign to this tract 
any greatei role as a gateway for general infections than to other mucous 
membrane and the skin 

The genitals are the special seat of gonorrhoeal and syphilitic invasion, 
but further than this play no peculiar role m the development of definite 
infectious diseases The gonococcus is able to penetrate into the intact 
mucous lining of the urethra The vagina is well protected against infection 
not only by its squamous epithelium, but also by the stiongly bactericidal 
action of its acid secretion (Doderlein, Kronig and Menge) After partuii- 
tion the female genital canal offers favorable chances for septic infection 
on account of the tears m the mucosa and the denudation of the uterus 

Many pathogenic organisms are able to cause infection only when intro- 
duced in a certain way or localized upon particular parts Thus the cholera 
vibrio and the bacillus of dysentery are able to localize upon the intestinal 
epithelium only The gonococcus invades those parts only of the genital 
tract that are clothed with cylindrical epithelium The influenza bacillus 
lives almost exclusively upon the respiratory tiact Predilections for 
particular jiortals of entry are shown also by the organisms of diphtheria, 
pneumonia, tubeiculosis, typhoid fever, etc , although many of them aie 
capable of invasion along vaiious channels The reasons for these inter- 
esting adaptations must be sought in the biochemistry of the microorganisms 
and tissues in question 

It IS interesting to note that those parts to winch an organism is more or 
less specifically adapted may contain the same microbe or closely related 
forms m an attenuated or harmless state Examples are the occurrence 
of so-called non-virulent diphtheria bacilli and of pseudodiphthciia bacilli 
in normal throats, of pneumococci and streptococci in the throat, of 
influenza-hke bacilli in the respiratory tract, of gonococcoid cocci in the 
urethra, and of the various paratyphoid, paradysentery, and cholera-hke 
bacteria in the intestines 
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The bacillus of leprosy has a particular affinity foi nerves, and the or- 
ganism or poison of acute articular rheumatism for synovial membranes 
Tetanus and hydrophobia develop from wound infections only, and the 
symptoms of these diseases become apparent when the tetanotoxm and 
the agent of hydrophobia have penetrated into the central nervous system 
We knqw that there is a strong chemical affinity between the tetanotoxm and 
the neurocytes 

By get mmol injection is meant an infection of the embryo by an infectious 
agent conveyed either by the ovum or the semen It has been accepted that 
syphilis IS transmissible to the foetus by the sperm as well as by the ovum 
but some authorities claim that the mother is always the direct souice of 
congenital syphilis There is no satisfactory evidence that tubercle bacilli 
may be transmitted by germinal infection Pathogenic microbes may pass 
from mother to foetus and probably practically always by way of the placenta 
Intra-uterine oi placental infection of the foetus has been observed to take 
place m smallpox, measles, scarlet fever, syphilis, typhoid fever, relapsing 
fever, pneumonia, anthrax, pyogenic infections, dysentery, and tuberculosis 
In animals the organisms of chicken-cholera, glanders, symptomatic anthrax, 
anthrax, tuberculosis (relatively frequent in calves), etc , are transmissible 
by way of the placenta, but on the whole this form of infection is quite 
exceptional Various preexisting lesions m the placenta may favor placental 
transmission of miciooiganisms capable of causing injury to the placenta 
and of growing through unruptured vascular walls The conditions of the 
circulation in the placental and uterine sinuses favor the collection there of 
bacteiia that may be circulating in the maternal blood 

The claim by Baumgarten that tuberculosis in the offspring of tuberculous 
mothers is the result ot an intra-uterine invasion, the bacilli remaining latent 
in the organs and tissues of the child, has not received any general support 
The number of authentic cases of congenital tuberculosis is still small, 
although the list is gromng Harbitz has shown that there may be 
latent animal-virulent tubeicle bacilh in normal human organs, but the 
determination of the possible duration of such latency piesents great 
difficulty on account of the ever-present opportunities for postnatal in- 
vasion 

THE DISSEMINATION OF PATHOGENIC GERMS IN THE INFECTED 

BODY 

In their distribution m the body the various microorganisms follow 
different types, some being quite rigid in this respect, others able to follow 
more than one type The most perfect example of strictly local distribution 
is furnished by the tetanus bacillus, Avhich, when intioduced into the tissues, 
causes only slight local changes and exhibits no, or very insignificant, invasive 
powers, the symptoms being all due to the absorption of tetanotoxm In 
many cases infections caused by tubercle bacilli and by the various pyogenic 
cocci remain local, due m most cases probably to low degree of virulence 
of the infecting organisms, more exceptionally perhaps to well marked 
immunity of the infected person While the bacillus of diphtheria and the 
cholera vibrio remain in a sense local, the latter never entering the circula- 
tion and the former exceptionally, both show marked powers to extend by 
continuity along the mucous membranes upon which they customarily 
cause their respective infections 
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Infectious organisms may be disseminated in the body by continuous 
extension of the infectious process, as in the successive invasion of the 
whole respiratory tract by the influenza bacillus, in the spread of erysipelas, 
etc The ma]ority of infectious bacteria are capable of this form of dis- 
semination Microorganisms are also disseminated by metastasis, by which 
IS meant the establishment of more or less far spread secondary foci fiom 
a pnmary focus as the chief centre of distribution In metastasis by the 
blood, secondary localizations occur in different oigans, as in the abscesses 
of pyasmia Tuberculosis, leprosy, syphilis, glanders, pest, blastomycosis, 
pneumococcal and pyogenic processes, furnish good examples of circulatory 
metastasis Lymphatic metastasis is of frequent occurrence, the primary 
lesion being often located in the skin or mucous membranes Upon mucous 
membranes mechanical factors may convey infectious material from estab- 
lished lesions to new points of infection, as in aspiration pneumonias 
The factors that determine the invasion of the blood, especially by the 
organisms that do so only occasionally (streptococci, gonococci, staphy- 
lococci), are not clearly understood, but virulence or pathogenicity — z e , 
the power to lesist and overcome the phagocytic and other bactericidal 
powers of the blood — undoubtedly plays a most important role The 
resistance of the body must also be considered Both the bacterial virulence 
and the resistance of the body are variable conditions made up qf a number 
of complex factors that are as yet difficult or impossible to analyse in a 
given case As microbes are distributed m the body there is seen on the 
part of some a distinct preference for certain tissues Thus the lepra bacilli 
seek out the nerves and nervous tissues, the virus of hydrophobia has a 
special predilection for the nervous system, gonococci tend to localize 
especially in the joints, meningococci thrive best m the leptomeninges, 
etc The reasons for this affinity can be surmised only to depend on subtle 
chemical attractions between constituents in the microbes and the cells 


THE ELIMINATION OF INFECTIOUS MICROBES AND MICROBIC 
LATENCY AFTER INFECTIONS 

Accurate knowledge of the ways m which the causative agents of infectious 
diseases are discharged from the infected body is of great practical value 
in the application of intelligent measures to render persons with communi- 
cable diseases or their agents harmless to other persons As pointed out by 
Theobald Smith, the mechanism of elimination is of vital importance to 
pathogenic microbes in enablmg them to continue their life-cycle in new hosts 
It may assume many forms that appear well adapted to perpetuate the 
parasitic species There are two distinctly different methods (1) immediate 
elimination from the morbid focus by way of pathological products, and (2) 
indirect elimination by means of the circulating blood through normal 
secretions and excretions, or as in the case of some protozoa uith highly 
specialized avenues of entry and escape, through the body of some insect 

In direct elimination the seat of disease must communicate vnth the out- 
side of the bodj This is the case m all diseases associated with surface 
inflammation or infection of mucous membranes as an essential manifes- 
tation Here the places of entry, multiplication, and exit, often coincide 
Examples are seen m the mfectious forms of conjunctmtis, mfections of 
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the nasal mucous membranes (lepra, glanders, diphtheria), of the 
tonsils and pharynx (diphtheria, scarlet fever), of the laryngeal and 
bionchiai (pulmonary) membranes (tuberculosis, pneumonia, influenza, 
and whooping-cough), of the intestinal tract (tuberculosis, typhoid fever, 
dysenteiy, and cholera), of the genito-urinary passages (gonoirlioea, 
syphihs, and tubeiculosis) In this class belong also local and general 
infections associated with lesions m the skin (tuberculosis, suppurations, 
blastomycosis, syphilis, smallpox, measles and scailet fevei) 

Unquestionably, cleansing of the mucous membranes (especially of the 
respiratory and oropharyngeal), and of the materials which they convey, is 
one of the great problems in the pievention of infectious diseases Dis- 
infection of the discharges from the uiinary and intestinal tracts is a simple 
matter compared to the disinfection of the sputum, visible and invisible, by 
practical and generally applicable methods in all these conditions in ivliicli 
It may contain virulently active infectious agents 

In the process of elimination of pathogenic bacteria, especially from 
remotely situated localities, there is dangei of auto-mfection, local as ivell as 
general, as illustrated especially w'ell bj' tuberculosis 

In the second (indirect) form of microbic elimination twm conditions have 
to be met the microbes must leach the geneial circulation, and they must 
pass the epithelial bariiers of glandular organs and mucous membranes 
Infectious bactena fiequently reach the circulating blood often in an acci- 
dental and more or less passive manner, but also as the lesult of inherent 
invasive pow crs as in the bacilliemia of tyjihoid fever and pest, in the pneumo- 
cocceemia of pneumonia, and in the active bacternemia in viiulent, so-called 
septic infections Bacteria that entei the blood may be destroyed by its 
bacteriolytic poiver, if but fciv m number and devoid of virulence they may 
be deposited like inorganic particles in the pulp of the spleen or in the bone 
mairow and gradually destroyed, and they may be eliminated in the urine, 
and otherivise It appears to be generallj^ accepted that some form of lesion 
IS necessary in the kidney in ordei that bacteria may pass from the blood to 
the urine The dangei s of spreading infection by this method must be pre- 
vented as fai as possible Bacteria aie also eliminated from the circulation 
by way of the bile, and, experimentally at least, ceitain bacteiia are elimi- 
nated by the intestinal mucous membrane As regards the elimination of 
bacteria from the blood by the glands of the skin, investigations have given 
contradictory results Tubercle bacilli frequently occui in the milk of cow'S 
wuth but limited tuberculous lesions not necessarily located in the uddei 
Tubercle bacilli have been demonstrated m the milk of a woman wuth 
advanced phthisis The unknowm causative agent of rabies is eliminated 
freely m the salivary secietions, which explains the mfectiousncss of the bites 
of rabid animals 

Not infrequently some time after an attack of certain acute infectious 
diseases, as typhoid fever, localized inflammatory processes develop in 
W’^hich are found the bacteria that caused the original infection A vaiiable 
period of latency may intervene between the general disease and the local- 
ized process This survival of bactena is difficult to explain, especially 
as the patients concerned must be regarded, in a measure at least, as immun- 
ized A somewdiat analogous condition frequently obtains in diphthena, 
in that more or less nrulent bacilli may persist, sometimes for months, in an 
active condition m the throats and noses of persons who have recovered from 
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acute attacks Perhaps recurrent attacks of erysipelas, of acute articular 
rheumatism, and of other diseases, are caused by the survival in the tissues 
of the causative agents, awaiting some specially favorable moment, or the 
entrance of some entirely new factor, to manifest again their ongmal activity 
Malaiia also furnishes striking examples of latency in the infected host 

Mention may be made of the interesting theories of Baumgarten and 
Behring m regard to the role of latent tubercle bacilli which, entering the 
body early m life, are assumed to remain inactive for years before occasion 
suitable for pathogenic action arises According to Baumgarten the original 
infection may be mtra-uterine , according to Behring it is alimentary, fiom 
cow’s milk, the bacilli entering by the digestive tract Neither theory seems 
to have a veiy broad basis of observation or experiment, but die clinical 
history of the localizations of tuberculosis in man furnishes many examples 
of the latency and persistence of the bacillus, and the recent studies of old 
apparently healed tuberculous foci have showm many instances of encapsu- 
lated bacilli still capable of causing active tuberculosis, at least in animals 
Recently Harbitz has demonstrated the presence of latent tubercle bacilli 
virulent for guinea-pigs, in the lymph nodes of children, the nodes being 
normal in structure so far as could be determined 

In immunized animals survival of bacteria also occurs (streptococci, 
etc ) Tizzoni and Panichi have found that virulent pneumococci injected 
in otherwise fatal doses into animals, either actively immunized or protected 
by antipneumococcic serum, may remain alive but inactive m the circulation 
for wrecks and months Accoiding to Panichi staphylococci may be present 
in the blood in a latent state for some time after the subsidence of local 
staphylococcus infections The influenza bacillus, wdiich sometimes causes 
pandemics of the disease, appeals in the interim to exist on the respiratoiy 
mucous membranes as a harmless parasite that now and then acts as a 
secondary invadei It has been suggested that certain infective bacteria may 
pass into a latent stage in which they are proteeted against destructive 
influences at the same time as pathogenic activity is suspended, and that 
invasive organisms in their evolution toward more perfect parasitism act on 
the defensive in oidei to secure opportunity to pass to new hosts In general, 
protozoal parasites tend to persist in the blood of the host for along time even 
after immunity is established 

MIOROBIO ASSOCIATIONS— MIXED AND SECONDARY INFEC- 
TIONS 

In the concrete case it may be difficult to distinguish betw een mixed and 
secondary infections, but, speaking stnctly, mixed infection should mean 
the simultaneous entrance into the tissues of the body of two or more different 
Mrulent pathogenic organisms It is most commonly observed m the case 
of local infections of tissues that stand in immediate communication with 
some of the surfaces of the body which always harbor ^a^ous bacterial 
species In pharjngeal diphthena, for instance, streptococci enter the 
tissues of the tonsil so constantly and so early that Baumgarten and others 
regard this form of mixed infection as constant Analogous conditions are 
presented by scarlet fei er Bronchopneumonia due to respiratory infection 
IS commonly probably a mixed infection, pneumococci, encapsulated 
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bacilli, influenza-like bacilli, staphylococci, and streptococci being associ- 
ated m all possible combinations 'Wound infections are also frequently 
mixed mlections, infections with anaerobic organisms like the gas bacillus, 
the fusifoim bacilh, tetanus bacillus, are usually mixed infections, one or 
more of the common pyogenic species being present also 

A secondary infection means the oceurrence of a second microbic invasion 
m a body aheady the seat of an existing or piimary infection In most 
cases theie is good evidence that the piimary infection prepares the way 
and opens the dooi foi the secondary invaders Thus all primary infections 
associated with destiuctive and ulcerative lesions of skin or mucous mem- 
bianes, like diphtheria, vaiiola, typhoid fever, tubeiculosis, etc , facilitate 
directly secondary infection with microbes, the most important of which 
normally aie present on the surfaces of the body (streptococci, pneumo- 
cocci, staphylofcocci, etc ) More than this, we have the best of reasons to 
believe that infectious diseases, like those ]ust mentioned, directly or in- 
directly may lead to diminution in the normal powers of the body to resist 
infections Smallpox, scarlet fever, measles, tuberculosis, diphtheiia, are 
associated so commonly with secondaiy infections, especially streptococcal, 
that there is no escape from the conclusion that the conditions must be moie 
fa'''oiable for streptococcal infections m these diseases than in health 

Various groupings of associated infections are possible upon the basis of 
the distribution and fate in the body of the microbic forms 

1 The associated microbes may lemain localized, c g , in mixed local 
infections 

2 Both primary and secondary inAxaders become disseminated more or 
less extensively throughout the body, c g , tubcicle bacilli and stieptococci 

3 The primaiy organism remains localized oi undergoes involution, 
whereas the secondary invaders peisist and extend A good illustration is 
general stieptococcaania secondary to diphtheria, scarlet fevei, smallpox, 
measles, tuberculosis, or cholera Not infrequently this streptococca.mia 
becomes apparent after the subsidence of the mam symptoms of the primary 
disease In pneumonia, typhoid fever, influenza, and other diseases, sec- 
ondary lesions, often of a metastatic chaiacter and due to mixed and sec- 
ondary invaders, may develop after the primary infection has died out 

4 The mixed or secondary invaders remain localized, whereas the chief 
oigamsm is disseminated This, the largest group, is illustrated by local 
suppurative infections in almost all infectious diseases, by the superficial 
pyogenic invasion ot tuberculous cavities, the deeper extension being purely 
tubeiculous, etc 

Manifestly the forms of bacterial association are so manifold that many 
escape mention in summaries of a geneial character A secondary infection 
may be multiple oi mixed, and examples are not wanting of the occuiience 
of mixed or secondaiy bacteiial infections in protozoan diseases, and mce 
veisa 

Association of pathogenic bacteria in mixed and secondary infections tends 
to increase the danger to the patient In human pathology we have no 
positive knowledge of one infection being antagonistic to any other infection 
Judging from experiments it seems more likely that the bacterial associa- 
tions tend to increase the virulence of one or other of the associated bacteria 
Roux and Yersin came to the conclusion that the simultaneous infection of 
diphtheiia bacilli and streptococci results in an increased virulence of the 
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diphtheria bacillus, v Dungern, on the other hand, concluded that the 
virulence of the streptococcus was heightened Experimental tuberculosis 
assumes a more acute form m the presence of pyogenic bacteria (Baum- 
garten, Pawlowsky) , this is m harmony with the fact that in human tuber“ 
culosis* fresh eruptions of tubercles appear to follow secondary infections 
The change that occurs m many infectious diseases with the advent of 
secondary severe streptococcus infections, for instance, is an ominous one 
Here the effects of the secondary infection are often so overwhelming that, 
as sometimes seen in diphtheria, the treatment of the primary infection with 
specihc serum may be of no appreciable avail The beneficial results some- 
times observed fiom the use of yeast cultures m the treatment of furunculosis, 
gonorrhoea, etc , are not explainable as the result of a secondary infection, 
because the yeast organisms m these instances are not infective, the results 
are most likely due to the leukocytosis induced by the nuclemic acid of the 
yeast 


TOXINS, ENDOTOXINS, BACTERIOPROTEINS. 

At the piesent time the pathogenic effects of infectious microbes are 
regal ded as chemical lather than mechanical in nature In a few diseases 
in which theie is great multiplication of the infectious agents m the blood, 
mechanical effects may play some role, and in pyiemia infectious embolism 
IS of great importance, but only a few of the results of infections can be 
explained on mechanical grounds Since the discovery by Roux and Yersm 
of the specific poison of the diphtheria bacillus in 1888, followed soon by 
Kitasato’s discovery of tetanus toxin, the intoxication by bacterial products 
has been accepted generally as the real explanation of the changes that 
occui 111 the infected body To a certain extent the period of incubation 
may be regarded as indicating the velocity of the chemical reactions that 
folloii infections Specific poisons have not been discovered for many of 
oiii infectious organisms as they grow in artificial media, and this is explained 
by iiiciny as due at least in part to the profound differences m the conditions 
about the bacteria when growing artificially and m the animal body As 
yet Me have no simple reagents to show the presence of toxins and other 
miciobic poisons This ’s demonstrated by animal or biological experiments 
largely, and it is in the cases of eertain toxins M'lth characteristic effects, such 
as diphtheria toxin and tetanus toxin, that investigation has made most 
progress 

At fiist there vas considerable confusion as to the significance of the word 
toxin, but gradually it has acquired quite definite limitations, although it 
must be said that commonly it is used in a very loose v ay Toxins in the 
strict sense are soluble products of bacterial, ^egetable, and animal on- 
gin (bacteriotoxins, phytotoxins, zootoxins) Toxins are of unknoivn 
chemical structure, sensitiie to various influences, especially heat, of high 
toxicity, the toxic effects becoming apparent after a penod of latency or 
incubation, and in the susceptible animal body they give rise to the forma- 
tion of specific antitoxins mIucIi neutralize each the corresponding toxin m 
Mio as veil as in Mtro Toxins present many points of similarity with 
organic ferments Both are Aer> sensitne, labile substances of unknown 
nature The idea that toxins in reality are ferments has been strengthened 
b> the demonstration bj IMorgenroth and others that certain ferments, w hen 
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injected into suitable animals, give rise to specific antiferments The question 
whether toxins are colloidal substances has not been detennined The most 
important bacteriotoxins so far knoum are diphtheria and tetanus toxins, 
which are well-defined poisons and by themselves alone reproduce with 
great completeness the clinical pictuie of the disease caused by the respective 
mother cells B botulmus, B dysentenae, B pyocyaneus, Staphylococcus 
albus and aureus, streptococcus, pneumococcus,^ and other bacteria, also 
produce true toxins of pathogenic importance, but some of these have 
only a limited range of activity, e g the laking of red blood corpuscles 
(bacterial luemolysins) Some bacteria produce moie than one true toxin, 
the tetanus bacillus produces tetanospasmm and tetanolysin, staphylococci 
produce a luemolytic and a leukocidal toxin, etc 

Ricin, abrin, robin, and krotin, are the phytotoxins which m the hands 
of Ehrlich were the means of experiments that gave us the foundation of our 
knowledge of the relations of toxins and antitoxins Of piactical importance 
are the toxins of pollens which are believed to be the cause of hay fever, 
in the treatment of which an antitoxin has been introduced by Dunbar 
Powerful toxins occur also in the venoms and secretions of snakes and other 
poisonous animals In all these cases the true toxin nature of the substances 
has been established by the production of specific antitoxin 

That bacterial toxins circulate in the blood in some infectious diseases 
has been demonstrated conclusively many times Thus Brieger produced 
tetanus m animals by means of a substance extracted from the amputated 
aim of a tetanus patient, and Nissen found that 0 3 cc of steiile serum 
from a tetanus patient caused fatal tetanus m mice Wassermann and 
others have demonstrated the presence m the blood and organs of animals 
and human beings, dead of diphtheria, substances that in guinea-pigs 
produce all the lesions peculiar to diphtheria toxin The luemolytic toxin 
of streptococci (streptolysin) occurs in the blood in severe streptococcus 
infections In other infectious diseases the effort to demonstrate specific 
poisons 111 the blood has not met with much success But the presence of 
toxins in the blood does not explain their action, because m animals immune 
to tetanus, tetanus toxin may circulate in the blood without any damage 
And m susceptible animals tetanus toxin is quickly removed from the blood 
by the nervous tissues, which Wassermann and Takaki found take up 
tetanus toxin with avidity outside of the body as well It is now generally 
accepted m accord with Ehrlich’s theory that toxic action of bacterial 
and other toxins is dependent on chemical union of the toxin with certain 
cells 

In the case of many infectious bacteria it is believed by many that patho- 
genic substances are attached firmly to the bacteiial cells At all events 
soluble poisons do not diffuse to any extent into the culture fluids, and 
purely toxic effects, independent of actual infection, are obtainable m 
animals by the use of the dead germ substance or lather ciude products 
thereof These poisons are called endotoxins, and m infections aie assumed 
to be set free as the bacteria aie destroyed in the host by bacteriolytic sub- 
stances and other means Not satisfied uitli this doctrine of endotoxins, 

1 Cassagrandi {Biol, Ccntralbl , 1903, 1, 200) reports that certain races of pneu“ 
tnococcus produce a haemolytic toxin Helly (Centralbl f Bait, 1905, xxxix, 
p 95) finds that staphylococci, pneumococci, and diphtheria bacilli, produce different 
toxins foi leukocytes 
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Welch achanccd the thoor} that the bacteria in this general group give use 
in the infected bod^ to toxic substancas of the nature of amboceptors 
Vaughan has suggested that in the infected bod> chemical reactions 
causing gra^e injury to cells ma^ take place bctMcen cellular and baetciial 
molecules, toxic groups being u ithdraw n from the bacteria u itliout ncccs- 
saril} fatal injury lie has studied the chemical composition of bacteiia, 
especially of the colon, t^phold, and anthrax bacilli, and uitli his pupils has 
succeeded in splitting oil from the bacterial bodies ^aIIOUs chcmKal bodies 
or groups such as (m case of thecolon bacillus) the nuclein, the carbolndratc, 
the toxic, and the Immoljtic V hether the toxic bodies isolated m this 
are the actne pathogenic agents of the organisms in question, and whether 
the> are true toxins in the sense that thc\ \\ill produce specific antitoxins, 
must be regarded as unsettled problems Vaughan states that "the colon 
toxin immunis’cs guinea-pigs against both itself and the liMiig germ, but 
with the other organisms experiments h.nc not been carried far enough to 
justify statement one wa^ or the other” In Mew of the fact that so many 
definite bodies tan be split off along what seems to be fixed lines of clean age, 
Vaughan regards the bacterial cell as a compound of \ arious chemical groups 


NATURAL RESISTANCE AND MICROBIC VIRULENCE 

In order that infection may take place, certain conditions are necessary 
that permit the specific cause to gam entrance into the tissues, there to 
exercise its pathogenic powers In the case of pathogenic bacteria normally 
present on the suifaces of the bod'V without doing an> apparent harm, we 
assume that the bacteria possess a iclalneh low degree of Mrulence oi 
in\asnencss and may remain harmless until influences arise that cithei 
heighten the Mrulence or m some way ^cmo^c or dimmish the OMdent 
obstacles opposed bj the bodj to microbic iinasion Death is followed 
almost at once by the invasion of putrefactne bacteria that in life are pre- 
\ented from entenng the tissues The bodi also possesses ^ arious defensne 
meehanisms against invasion bv pathogenic microbes, and upon the condition 
of these mechanisms depend the varying degrees of mdiMdual resistance 
(or susceptibihtx ) to the infectious diseases that may attack a given species 
Vanous species show' great differences in resistance to infections Some 
ha\e apparentlj absolute natural immunity to certain microbes Cold- 
blooded animals m general are immune to bacteria that arc infectious foi 
w arm-blooded forms We know' of no bacterial disease among cold-blooded 
animals that is transmissible to man 

Species immunity probably depends largely on the inability of some 
microbes, parasitic in certain species, to adapt themselves to parasitic life 
m other species w'lth different chemical and biological qualities, rathei than 
on such differences m resistance as may be accounted for on the score of 
variations m the general protective mechanisms In certain species bacterial 
toxins highly toxic for man, for instance, are w'lthout any effect under natural 
conditions Tetanospasmm does not produce spasms m amphibians and 
reptiles, but in certain species this immunity is removed w'hen the tempcia- 
ture is raised by artificial means Avian tubercle bacilli are able to thiive 
of 43 5° C , at w'hich mammalian tubercle bacilli die 
Whether there is true natural immunity of some human races to certain 
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infectious diseases seems to become more and more doubtful as our know- 
ledge becomes more exact The alleged immunity of pure Africans to 
syphilis, once asserted by Livingstone, has been shown to be appaient only 
and due to lack of opportunity of infection The difterent behavior of the 
same epidemic disease among dilferent races is sometimes explainable by 
the different modes of living Again, acquired immunity has been mistaken 
for natural immunity, Koch showed that the immunity of Ethiopians to 
malaria is acquired, and the immunity of the natives to yelloiv fever in dis- 
tricts where the disease is prevalent is probably mostly acquired 

Variations m individual susceptibility, which is always relative, may be 
due at least m part to variations m local factors, mechanical and chemical, 
that' serve to protect the various surfaces of the body against the entrance 
of infection The skin is protective because of its impenetrability to bacteria 
when intact, the constant desquamation of its superb cial layers carries 
away bacteria vegetating therein, the acid reaction of the perspiration is 
not favorable to bacteiial growth, and the ease with which hyperiemia 
develops on slight invitation — e g , scratching — brings to the surface leuko- 
cytes and the bactericidal substances in the blood The peristaltic movements 
of the stomach and intestines, coughing and sneezing, the flow of urine, 
epithelial desquamation, and the normal action of ciliated epithelium, aie 
mechanical means of removal of bacteria from various mucous sm faces 
The toxin-destroying powers of the digestive juices, the bactericidal effects 
of gastric juice and other glandular secretions, and the antagonistic action 
on pathogenic forms of the saprophytes vegetating on mucous membranes, 
are all protective factors 

As bacteria reach the tissues they at once run counter to the phagocytes 
and the bactericidal substances (Buchner’s "alexins”) normally present 
in the blood even in non-immune persons Frequently these protective 
agencies are concentrated about the point of entrance or localization of 
infectious microbes by inflammatory changes, thereby increasing the local 
resistance, at the same time as a general leukocytosis may develop In case 
some microbes escape into the tissues they are likely to be arrested by the 
regional lymph nodes and there subjected to similar destiuctive forces 
Normal blood may contain substances that render certain infectious bacteria 
fit for phagocytosis and others that cause bacteriolysis, and upon the content 
of the blood in either or both of these substances, capable of acting upon a 
given infectious bacterium, and upon the number and quality of the leuko- 
cytes, may depend the degree of individual resistance to infection by that 
bacterium In human beings it has been determined that the normal blood 
serum causes lysis of typhoid, anthrax, colon, dysentery, cholera, and 
probably also other bacteria Phagocytosis also takes pait m the destruction 
of these organisms 

The exact manner m which the antibacterial substances are neutralized, 
as infections with these bacteria develop, is not clearly understood, it may 
be that certain particularly resistant bacteria remain unaffected by the 
antibodies, at all events it is believed that the richer a given blood in the 
antibody for a particular bacterium the greater the resistance of the cories- 
ponding individual With respect to other bacteria upon which normal 
serum alone has no direct destructive effect (streptococci, staphylococci, 
pneumococci, etc ), it is likely, judging from test-tube experiments, that 
phagocytosis is an important means of protection. The phagocytes require. 
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how e\ er, that the bactciia first must be acted on b> substances in the scrum — 
the opsonins of Wright and Douglas — which make tlie bactenal bodies 
susceptible of phagocj tosis 

Denjs, Ha\et, and Kaisin, were the first to show that niliaiascular as 
well as e\tra^ ascular destruction of streptococci and othei bnctciia b> blood 
rose and fell w itli the number of Icukoc) tes The^ interjiretcd tins to mean 
the liberation of bactericidal substances b> the lcukoc>tcs, but now it seems 
more likely that such results maj depend also on the numbci of axailablc 
phagocjtcs within which the final destruction of the bactciia takes place 
At the same time it must be pointed out that Ilankin and Kantliack, Buch- 
ner, Hahn, Wasscimann, and others, Inne brought foiw.ird cxpeiiniental 
evidence indicating that bactericidal substances, aspccialh conijilement 
(Wassermann), may be derned from leukoc^tcs The oiganisms, howe^er, 
that appear to be destroyed by human pllagoe^tcs arc not aficctcd b^ the 
serum alone, and the origin of the opsonins is ^et unknown In mcw of 
the facts that the leukocHcs iiiaj furnish bactoriohtic coinpleinent and 
that the serum is essential to phagoc^ tosis, the niilagonisni betw ecu jMctchni- 
koff’s phagocHic and Buchner’s alc\iii or humoral thcoiics of natnial 
resistance no longer has an> basis whntsoc\ci — a fact ah each long recognii'cd 
by former partisans — because neither mode of bactenal destiuction is 
accomplished without the conjoint action of the cells and fluids 

It IS not safe to make any gcnciah/ations as to the rclatnc importance of 
bacteiiolysis and of phagocytosis, the exact natuie of the icsistancc to each 
pathogenic miciobe must be woiked out carefnlh fust Tlie gcncial im- 
portance of leukocytosis is shown by the fact that resistance to \anous 
infections may be increased in a non-specific manner by the injection into 
animals of a great xariety of substances, all of which ha\c in common the 
production of an increased leukocytosis, local and gencial Distinct but 
temporary protection against otherwise fatal doses of infectious bactciia 
may be secuicd in this way Scium, blood, various albumins (animal and 
vegetable), spermin, nuclcinic acid, broth, urine, yeast, living and dead 
bacteria, bactenal substances — c g , tuberculin, Buchner and Hahn’s 
plasmin — all have been found to act in this manner, and undoubtedly tins 
nonspecific increase in general lesistance has been mistaken often foi 
specific effects, especially after the injections of vaiious sera supposed to 
contain immune antibodies 

Experimentally natuial resistance may be diminished by laiious means 
Artificial diabetes renders animals more susceptible to infections than 
normally, so does diminished alkalinity' of the blood, musculai exhaustion 
has been found to reduce the bactencidal substances in the blood Beduction 
of the body' tempeiature lenders animals abnormally susceptible to infec- 
tions In some of the common human diseases the picdisposing causes 
are of great importance Diphtheria and pneumonia, the specific causes 
of w'liich are so widely distributed, are laigely' cold-w'eather diseases The 
manner m which cold reduces resistance has not yet reccned a satisfactory 
explanation Alcoholism, uimmia, venom intoxication, anresthesia, exan- 
thematous and other acute and chronic diseases, oveicrow'dmg and un- 
hygienic living, all may be said to lower the individual resistance to various 
infections, but it is not probable that the various factors con coined m these 
conditions all act in the same w'ay The hremolytic and otliei amboceptois 
in venoms have a strong affinity^ for complement, the withdiaw'al of wdiich 
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leaves tne body open to certain forms of bacterial invasion Complements 
and opsonins are neutralized readily by a variety of ions and other sub- 
stances, such as lactic acid, nuclemic acid, bacterial disintegration products, 
and proteins and organ extracts have been found to neutialize complements 
so that it IS not difficult to understand how the defenses of the body may 
become weakened There are various kinds of leukocytic poisons, also, 
that may interfere with phagocytosis, but, as yet, the finer analysis of the 
leduction in general resistance is only m its very beginning 
In infectious diseases complex reciprocal relations are established be- 
tween the infected and the infecting organisms The factors concerned 
may vary on the part of both parties, not only m different species, but also in 
difterent individuals of the same species, and from time to time in the same 
individuals Various gross conditions may influence the course of infections 
We know that experimental infections run the quicker course the greater the 
number, the more virulent the bactena introduced, and also as a lule the 
more directly the bacteria enter the circulation or the large cavities In this 
case the natural resistance is so to spealc overwhelmed Ilemorihagic 
infiltrations, clots, crushed tissue at the point of entrance, favor the develop- 
ment of severe tetanus, pneumococcus, and streptococcus infections, because 
the germs here have favorable opportunities for growth and increase of 
virulence The great influence of the anatomical location of the point of 
entrance is shown particularly well by streptococcus infections in the dense 
and tense connective tissue of the finger it causes a local inflammation in the 
subcutaneous tissue, phlegmons, in the lymph vessels of the skin, erysipelas, 
m the peritoneum, peritonitis, in the blood, bactercemia, — conditions that 
differ greatly in their course though caused by the same microbe 
In the establishment, progress, and nature of an infectious disease much 
always depends upon the property of the microbe concerned, which we call 
virulence Generally we understand by virulence the degree of pathogenic 
power of which an infectious organism is capable or possessed Close 
analysis reveals that virulence in this sense depends on various properties 
It IS not necessarily sjmonymous with invasiveness, because toxicogemc 
bacteria in the strict sense (B diphtheriae, B tetani) possess great toxic 
power and relatively slight or no mvasiveness In these bacteria viiulence 
depends more on toxicity, — z c , the production of diffusible, absorbable 
toxins, — and the body responds by the formation of antitoxins, whereas 
the production of antibacterial substances is relatively insignificant 

In bacteria in Avhich the disease-producing substances are assumed to be 
locked up in the cells and set free only as the latter reach the tissues of the 
body, virulence is necessarily connected with a greater degree of mvasl^ eness 
Virulence may be reduced aitificially by a number of different methods, 
e q , exposure to sunlight, or the addition of chemicals The vii ulence 
of some bactena may be reduced foi one species by repeated passage through 
members of some other species The most strilang example of permanent 
loss or modification of virulence is furnished by the virus of smallpox which 
IS reduced to vaccine virus on passage through calves 

As yet we possess no general method for determining the degree of viru- 
lence of a given pathogenic bacterium for human beings High virulence 
for animals is generally regarded as indicating virulence for man , but Koch 
and Petruschky found that stieptococci of hjgh virulence foi rabbits did not 
cause erysipelas in man, and animal-virulent streptococci occur m normal 
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throats The highlj Mrulcnt bacilli of boMiic tubeiciilosis, so far as ^^c 
kno\\, seem to have little power of mvasncncss in the ease of hum.in beings 
Vagedes, on the other hand, noted that tubercle bicilli fiom lapidly fatal 
cas^ of human tuberculosis were uniformly specially Miulcnt foi i ibbits 
In practically all pathogenic bactei la, \ irulencc is a a ariable quantity change- 
able at the will of the cxperimentci As a gcncial rule bacteri.i aic most 
Mrulent when taken directly from the animal, and lose Mrulencc, some moie 
rapidly than others, the invasive more rapidl> than the toxicogcnic, ^Thcn 
cultnated on aitificial media and removed from “stimulation” bysubstaiues 
from the host Those media best conserve virulence of certain insasnc 
bacteria that approach closest m comparison to the natuial fluids of the body 
(blood agar, blood serum) Bacteria commonly gam m Mrulencc b^ suc- 
cessi\c passages through susceptible animals Streptococci, pneumococci, 
t>phoid bacilli, cholera spirilla, etc, may be “tiained” in this way into a 
high state of Mrulence, which tliey lose again more oi Icssgiaduallj on un- 
disturbed cultnation m the test-tube 

The mcieasc in Mrulencc under these conditions has been explained as 
the lesult of sunival of the stronger, more resistant elements, whereas the 
weaker go under At the same tunc as this selection of stiong, \iiulcnt 
races ma'\ be talving place, there is also a good icason to belieic that an 
actual incicase in Mrulencc and resistance to the antibodies develops on the 
part of the bactciia It has been found that the more \ irulent certain oigan- 
isms are, the greater the amount of bactei icidal serum necessaiy to destioy 
them, showing, as demonstrated clearly by Strong in case of the cholera 
spmllum, that some highly Mrulcnt organisms contain more than the 
feebly Mrulent of the substance (receptors) upon which the antibodies must 
act Coniersely immunization wnth dead virulent cholera spiiilla gnes use 
to more antibodies and greater protection than iminuni/ation with less 
^ irulent organisms Consequently w'e may conclude that in certain instances 
at least, but not in all, grow'th in virulence is associated with increase in the 
bacterial reccptois and in the resistance to antibodies 

Wassermann, Petteisson, and othcis, have found that in typhoid bacilli 
Mrulence is not necessarily associated with increase in leceptois Inciease 
in virulence m streptococci, pneumococci and piobably also in othei oigan- 
isms, can, how'ever, not be due to stimulation of leceptors of this natuie, 
because these organisms are not destroyed by the seiuiii alone, but by 
phagocytosis through the intervention of the sei urn G F Ruedigcr and the 
writer have confirmed the observations by Denys and his cow'oikers, as well 
as by others, that virulent stieptococci are not taken up and destioyed by 
rabbit leukocytes in normal serum A viiiilent streptococcus has been 
defined in consequence (Marchand) as a stieptococcus that is inoie oi less 
insusceptible to phagocytosis, whatever the reasons may be Whethei 
increase in virulence on the part of other microorganisms goes hand in hand 
w'lth insusceptibility to phagocytosis remains to be seen In the case of the 
pneumococcus too, the more virulent the strain the greater the insuscepti- 
bility to phagocytosis (Rosenow') Deutsch assumes the existence of sub- 
stances toxic to leukocytes m order to explain bacterial virulence, so fai the 
^bstances of this kind demonstrated are the leukocidin of staphylococci, ot 
B suisepticus (Van der Velde), and the leukotoxic substances elaboiatcd 
by virulent streptococci The insusceptibility of virulent streptococci and 
pneumococci to phagocytosis is probably not wdiolly explainable as due to 
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leukotoxic substances, because killed and w asked virulent cocci are not taken 
up by normal rabbit leukocytes in normal serum 

Recently Bail has advanced a theory of virulence tjiat is called the 
“agressm theory ” When tubercle bacilli, typhoid bacilli, dysentery 
bacilli, cholera spirilla, pneumococci, or staphylococci, are injected into 
animals together with the sterilized exudate produced by infections with the 
corresponding virulent bacterium, then death folloivs much more rapidly 
than when the bactena alone are infected, and with little or no e\idence of 
phagocytosis by polynuclear leukocytes Injections of the exudates only 
have no effect Bail and his followers assume that in the exudate are certain 
specific substances that paralyze the phagocytes Bail believes that he has 
been able to produce anti-aggressm by immunization ivith bacterial exudates 
Undoubtedly the phenomenon described must be gianted Fehleisen long 
ago observed that a minute quantity of Staphylococcus aureus mixed v ith a 
clear germ-free serum from a spreading cellulitis caused an extensive abscess, 
whereas the organism injected alone had no such marked effect Koch also 
noted that the injection of tubercle bacilli into the peritoneal cavity of tuber- 
culous guinea-pigs caused death rapidly, and an exudate consisting almost 
wholly of IjTnphocjles It is the explanation of the phenomenon to which 
exception may be taken inasmuch as it does not appear that new specific 
substances, such as are implied in the word aggressin, have as yet been demon- 
strated 

Virulence on the part of invasive bactena means more, hoveier, than 
increased resistance to bacteriolysis and phagocjdosis, because this property 
alone does not explain v holly the increasing pathogenieity of increasing 
virulence If we assume, as is generally done, that the disease producmg 
poisons of typhoid, cholera, pest, and other organisms, are set free on disin- 
tegration of the bactenal bodies in the tissues, then increasing resistance to 
destruction on part of these organisms naturally would tend to result rather 
m decreasing pathogenicity Such is not the case It must be confessed 
that this IS one of the dark places m our knowledge of the nature of bacterial 
resistance, and resort must be taken in hypothesis The most comprehen- 
sive conception of bacterial virulence is given us m Welch’s theory of bac- 
tenogenic poisons This is an apphcation to pathogenic organisms of 
Ehrlich’s theory of the ongm of antibodies m the host There is “no reason 
why suitable substances derived from the host may not stimulate parasibc 
organisms, through a physiological mechanism similar to that operative in 
cytolytic (bacteriol}i;ic) immunity, to the production of intermediary bodies 
(amboceptors), vhich, if prowded Aiith requisite affinities, have the pover to 
link complements to cellular constituents of the host, and thereby poison tlie 
latter ” In other words, vhy should not constituents from the infected body 
act upon microbes m the same general v ay as bacterial constituents act on 
the cells of the body, and thus set free from the bacteria vanous poisons for 
the cells of the body (bacteriogenic antibodies)^ This theory, which as 
yet has not received much expenmental verification, explains the veil- 
marked toxic capacities in the infected body, with its wide range of stimu- 
lation, of many bactena that in artificial cultures give little indication of 
poison-producing povers and qmckly lose their virulence 

In wew of the fact that microbic virulence nses on expenmental passage 
through a series of more or less resistant animals, the question anses. Why 
does iirulence remain at a comparatively low level in nature? Why are 
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the mortality rates of infections diseases falling rather than using? Theo- 
bald Smith ans\\ ers these questions on the basis of certain general biological 
considerations He points out that many pathogenic microbes are i educed 
more or less completely to a parasitic life, in ordoi tiiat siicii species may 
maintain e\istcnce the} must adapt themsehes to conditions that allow 
imasion of host after host If such a microbe can not a^all itself of some . 
mechanism of transmission it is sure to perish sooner or later Noa\ the 
more -Mrulent the microbe the more rapid the death of the host, and the less 
the chance of escape to ne\\ hosts Consequently there is going on m nature 
a constant elimination of the most ^^rulcnt pathogenic imciobcs in favor of 
those that are better adapted to parasitic conditions The degree of pcima- 
neiice of any species depends on the perfection of its adaptation to the 
surrounding conditions At the same time there is taking place a gradual 
weeding out of the most susceptible hosts and consequenth a small rise m 
the aierage general resistance The general result of this tendenc> to 
ad\ancmg parasitism must be decline m Mrulence and m mortality 


THE CHANGES AND REACTIONS OF INFECTIOUS DISEASES 

The changes and reactions that take place in the animal bodt in conse- 
quence of infections co\cr a wide field Here onh a brief summary of some 
of the important general features of the reactions produced b> infectious 
diseases is presented 

Incubation — Tins is the period that elapses between the cntiance of the 
microbes and the deielopment of definite disease In most diseases the 
length IS variable, depending on the amount of infeetioiis mateiial intio- 
duced, its iirulence, and on the place of entrance, and, on the other hand, 
upon the relatne degree of resistance of the infected body Experimentally 
the influence of the amount of infectious mateiial is shown m the case of 
tetanus, by increasing the quantity of bacilli injected the time of incubation 
in mice may be shortened from five or six days to twenty -foui houis In 
rabies and tetanus the penod of incubation is as a rule shoitei the closer to 
the central nerve organs the point of cntiance The direct introduction of 
bacteria into the circulating blood oi large serous cavities makes the incu- 
bation shorter than after subcutaneous introduction The influence of 
bacterial virulence is sliowm very well cxpeiimentally by streptococci, the 
incubation period being shorter the gicatci the vnulcncc In ceitam human 
diseases (measles, smallpox, vaccinia) the incubation period is quite constant 

Loca>l Effects of Infectious Agents — ^These are essentially necrotic and 
inflammatory in charactei The inflammatory changes may assume vaiying 
anatomical forms serous, fibrinous, suppurative, diphtheiitic, hemorrhagic, 
necrotic, and proliferative Depending on various conditions, the same 
microorganisms may cause different forms of inflammation Thus the sti ep- 
tococeus may cause serous, fibiinous, and suppurative inflammations In 
animals different regions of the body respond somewdiat differently to the 
same organisms In guinea-pigs, diphtheria bacilli and diphtheiia toxin 
cause a serous or hemorrhagic inflammation wflien introduced subcutane- 
ously, but a membranous exudate when placed on the mucous membiane of 
the vulva or the trachea Different animal species also differ in then inflam- 
matoiy reactions produced by the same cause There are, however, certam 
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forms of inflammation that are peculiar to certain microorganisms, as for 
instance the proliferative inflammations lesulting in nodules caused by the 
tubeicle bacillus, the bacillus of glanders, and the organism of syphilis In 
this sense miliary tubercles, foi instance, aie quite specific productions 

The inflammatory changes here discussed are caused by chemical sub- 
' stances of bacterial origin They are not necessarily dependent upon the 
presence of hvmg organisms, because the same changes ma}'^ be obtained 
by dead bacteria and the steiile products of bacteria Thus Prudden and 
Lodenpyl as ■well as others have sho^vn that the injection of dead tubercle 
bacilli into the circulation gives rise to tubercles The steiile diphtheria 
poison gives rise to the same inflammatory changes as the living cultures 
Heber demonstrated that bacteria attract leukocytes, and Buchner that all 
bacteria contain non-specific proteins that when introduced into warm- 
blooded animals exert positive chemotaxis upon leukocytes and stimulate 
the flow of lymph These proteins, however, do not differ qualitatively, 
and consequently do not explain the qualitative peculiarities in the a arious 
inflammatory reactions, which must depend upon more specific substances 
produced by oi present in the different microorganisms as they multiply 
in the tissues As yet these substances are but poorly understood for the 
most part 

It IS accepted generally that the inflammatory reaction, leading as it does 
to the concentration of leukocytes and serum about the invading microbes, 
IS a measure of protection against general infection Mctchnikoff and his 
followers have placed special — almost exclusive — stress upon the importance 
of the phagocytic activity of leukocytes and other cells Buchner and 
others have emphasized the role of the bactericidal properties of the fluids 
The two views are no longer antagonistic The phenomena of phagocytosis 
and of extracellular bacteriolysis in many cases take place side by side, 
and recent investigations have demonstrated that phagocytosis of bacteria 
probably does not take place before the bacteria are modified m some 
obscure manner by substances in the serum (Wright and Douglas’s op- 
sonins) at the same time as it is now agreed that some at least of the bodies 
concerned in bacteriolysis are derived from the leukocytes It has been 
shown by v Dungern and others that there may be a local production of 
specific antibodies, and it may well be that in this also the mflammatoiy 
reaction serves to protect the body at large 

Leukocytosis — The majority of human infections 13 associated with a 
more or less well-marked leukocytosis Uncomplicated typhoid fever, 
measles, rotheln, malaria, dengue, uncomplicated tuberculosis except of 
meninges or serous surfaces, and some forms of general sepsis, constitute 
exceptions Inflammatory or infectious leukocytosis is generally an active 
leukocytosis, z e , the increase is chiefly m the polymoiphonuclear leuko- 
cj^es, more particularly in the neutrophile forms The leukocytosis is 
called active because the cells concerned are mobile, and it is believed that 
they make their way into the circulation especially from the marrow, which 
shows increase in the neutrophile myelocytes, by means of amoeboid move- 
ments m response to positively chemotactic substances Leukocytes may be 
produced also by division of existing leukocytes 

Bacterioproteins were regarded by Buchner and Romer as especially 
active chemotactically because it was found that they caused leukocytosis 
when injected into animals Various substances, not all necessarily of 
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this nature, mai induce leukoe^tosis In animals infections leukocytosis 
IS caused cxiiermientallv by ncarh all pathogenic bacteria oi their piodiicts, 
it IS coinmonh picccdcd b^ a fall in thcnumbei of leukocytes in thepeiiph- 
eial blood of short duration (Icukojienia), vliicli is attributed to destruction 
of cells b^ the sudden intiodiiction of large quantities of injurious substances 
In man, in mIioiii the infections establish theinsclves moic graduallj, this 
initial Icukojienia is not ncarh io marked oi so constant as in animals By 
some it IS legal ded as incrch apjiarcnt and as e\])kiinablc by an unequal 
distribution of the cells, an unusually large number being held back in the 
capillaiies of the intcinal organs As the jiosilively chemotactie substances 
ditluse more iimformh ami m greater quantities the leukocytes arc dis- 
tributed more equally The occuiiencc of leukopenia in some infectious 
diseases is explained more easily as due to the jiresencc in the blood of sub- 
stances that exercise a negatne chcmotaxis on the leukocytes 

It IS generally bchc^cd that leukocytosis m infection is beneficial not only 
because of the phagocytic actnity of leukocytes with respect to bacteria as 
well as to cellulai detritus of ^arl0us soits, but also because the leukocytes 
may be the source of bactericidal and antitoxic substances (IMctchnikofl and 
others) Expeiimcntally it can be shown that the destruction of bacteria 
which are destroicd by phagocytosis (streptococci and jmcumococci and 
human blood), is grcatci, the greater the number of leukocytes jircsent in the 
same serum G F Rucdigci and the writer ha\e found that flic leukocytes 
m experimentally produced leukocytosis are fully as active phagocytically as 
those normally present The increase m general resistance by increasing the 
number of leukocytes by ^arlous substances — nuclcinic acid, salt solution, 
broth serum — points to the \alue of Icukocy'tosis Mickuhcz and others 
obtained good cflccts m surgical operations upon the abdominal organs by 
first inducing an artificial peritoneal leukocytosis — “picpanng the perito- 
neum ” 

Effects on Red Corpuscles — Amemia is common m infectious diseases, 
and it IS of interest to note that toxins cajiable of lakmg red blood coipuscles 
(haemoly'sins) are jiroduced by scveial jiathogcmc bacteria Van de Velde 
found that staphylococci jiroducc a ly'sm of this kind, it has been studied 
fully by Neisser and Wochsbeig, and called by them stajiliylolysin This 
substance seems to be pioduced by' all pathogenic staphylococci Normal 
human blood contains antily'sm, and in staphylococcus infections new'ly 
formed antilysm develops m large quantities Ehrlich and Madsen found a 
lysin m crude tetanus poison (tetanolysin) Besredka studied the lysm of 
virulent streptococci (streptolysin), the existence of wdnch has long been 
indicated in the lakmg of blood observed after death in cases of “sepsis,” 
and m experimental streptococcus infections Ewing found in primary 
hemorrhagic smallpox a haemoglobinremia w'lth pigmentary deposits similai 
to those seen m puerperal streptococcus septicaemia G F Ruediger has 
found that streptolysin has the constitution of a toxin, but as yet no immune 
antistreptolysin has been produced, though the serum of different normal 
animals contains distinct antibodies Jordan has showm that the haemoly'sis 
of filtrates of py'ocyaneus cultures is caused by hydroxylions and probably 
not by' any toxin, as has been claimed 

Bacteria also produce haemagglutinins (Kraus), and it has been suggested 
by Flexner that the hyalin thrombi of red cells observed m typhoid fever 
are caused by the action of such agglutinins Necrosis m the liver m hog 
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cholera has been referred to hyahn thrombi by Bosmeyer, and Pearce has 
produced liver necrosis experimentally by injecting immune luemagglu- 
tmms That red corpuscles undergo disintegrative changes m many in- 
fectious diseases is shown also by the extensive phagocytosis of red corpuscles 
by hyahn cells (leukocytes and endothelial cells) that occurs m the spleen, 
the lymph nodes, the hiemolymph glands, and the lymph and bloodvessels 
m various parts of the circulatory system m typhoid fever, scarlet fever, 
and othei infectious diseases, and which has been studied by Mallory, and 
by Warthin with special reference to the hcemolymph glands To what extent 
isoagglutimns and isoluemopsomns take part in agglutination thrombi and 
in phagocytosis of erythrocytes in these conditions remains to be seen 

Changes m Blood-making Organs — ^Enlargement of the spleen is 
charactenstic of many infectious diseases This may depend m part upon 
the lodgment there of degenerated red corpuscles, disintegration of which 
occurs on a large scale m certain infections The phagocytic activity of 
nongranular leukocytes and endothelial cells is often remarkable, and 
Mallory has suggested that bacterial toxins stimulate the phagocytes The 
exact mechanism requires further study ivith special reference to substances 
of the nature of opsonms Jawein found that intoxications with the chlorates 
of potassium and sodium and with toluylendiamm caused splenic enlarge- 
ments in correspondence with the destruction of the red cells Avhich vere 
taken up by the cells in the splenic pulp which enlarge and multiply at the 
same time as hypeisemia develops Splenic enlargement may also be de- 
pendent on an active hyperplasia connected with the formation of specific 
protective substances, as m typhoid fevei (Pfeifter and Marx) Here the 
absence of leukocytosis may be compensated so to speak by splenic enlarge- 
ment Blumreich and Jacoby found that, experimentally, splenectomy did 
not decrease the resistance to various infections, possibly because it is 
followed by a leukocytosis, according to Kurloff, chiefly of lymphocytes 

In infectious diseases the fatty marrow is frequently replaced by lymphoid, 
in winch the neutrophile myelocyte is the chief element Phagocytic cells, 
the action of which is directed chiefly toward red corpuscles and leuko- 
cytes, also appear hlyelocytes appear m the spleen and also m the blood 
Muir questions the occurrence of the so-called myeloid transformation of 
the spleen claimed by Dominic and other French writers In the lymph and 
hsemolymph nodes, endothelial proliferation and phagocytosis are the most 
striking changes — and, according to Warthin, the destruction of red cells by 
phagocytosis may be greater in the hiemolymph glands than m the spleen 

Diverse Actions of Microbic Poisons — ^The parenchymatous degen el- 
ation of the heart, liver, kidneys, and spleen in infectious diseases is probably 
caused by bacterial poisons, although Litten, Welch, and others, claim from 
experiments that parenchymatous changes may result from hyperthermia 
Naunyn, however, exposed rabbits to high degrees of heat for weeks without 
demonstrable degeneration The exact relations of bacterial substances 
to^ the formation of amyloid material are somewhat obscure Focal or 
insular necrosis occurs m lymph glands, spleen, bone marrow, and paren- 
chymatous organs m many infectious diseases, due to toxic action upon local 
cell areas 

Many infectious microbes and their poisons show a special affinity for 
the nervous sj'stem The tetanospasmm unites with constituents m the 
neurocytes, which it reaches by way of the axones (Meyer and Ransome), 
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Lepra bacilli have a selective affinity for nervous tissue The constituent 
of the crude diphtheiia toxin that Ehrlich has called toxon, regularly causes 
paralysis m rabbits quite like that of peripheral neuritis The close relations 
between myelitis and different infectious diseases have gnen nse to many 
expeiiments, the results of wdiicli haie shown that diverse bactena and 
their products — pyocyaneus toxin, typhoid bacillus, colon bacillus, strepto- , 
coccus, pneumococcus, staphj lococcus — maj' cause grave changes in the 
spinal cord 

The exact investigations of the inffuencc of bacterial ]ioisons on the 
functions of the various glands and on the iici i es of tlic circulatory apparatus 
are as yet only in their beginning It has been found tliat the extract of 
the adrenals of guinea-pigs and rabbits that have died of diphtheria intoxi- 
cation and ^arlous infections have no pow'er to raise the blood pressuie 
According to Charmin and Gley the pyocyaneus toxin paralyzes tlie vaso- 
dilators Paessler and Romberg conclude that m experimental pneumo- 
coccus, pyocyaneus, and diphtheria infections, vasomotor paialysis is the 
real cause of the failure of the circulation Typhoid infection lowers the 
blood pressure, wdiile staphylococci, streptococci, and colon bacilli, cause it 
to nse The toxicity of the urine has been claimed to be greatly increased 
in infections by Bouchard and his follow'ers, but uniform results liaie not 
been obtained, and the entire subject of urotoxic action needs renewed 
investigation Roux and Ycrsin found dijihtheria toxin m tlie urine of 
diphtheria patients, and Bruschclhm tetanotoxm m the urine of patients 
suffering from tetanus 

Fever — Fever is usually present at some time or othci in tlie course of 
all infectious diseases While its causes and natuic i ary greatly m different 
infections there seems no doubt that the presence m the body of active 
infectious material as a rule causes fever The introduction under the skin 
in susceptible individuals, of a small amount of dead virulent bacteria as m 
vaiious protective inoculations, is practically ahvays followed by a moie or 
less distinct febrile reaction Under these circumstances there is no doubt 
that fever is caused by the absorption of chemical bacterial products In 
the case of animals, especially guinea-pigs, bacteiial substances in small 
doses cause a rise of temperature, but m large doses fall of temperature with 
collapse may result 

Numerous experiments have been made to isolate the fever-producing 
substance m bacteria Buchner found that his bacteiioproteins cause fevei 
m both man and animals Matthes regards .dbumoses as the cause of fever 
Centanm’s pyrotoxm is a substance, soluble m w’^ater and insoluble m alcohol, 
without proteid reactions, wdiich he obtained from fluid cultures of all kinds 
of bacteria Krehl points out that special stress cannot be laid on these 
paiticular substances because almost all albuminous derivatives of proto- 
plasm cause some rise of temperature Avhen injected m animals Whether 
the substances mentioned as well as other eventual pyrogenic bodies act 
directly as such oi indirectly by first causing special fever-producing bodies 
to be formed from the constituents of the infected organism, is an open 
question The experiments to demonstrate pyrogenic substances m the 
blood of feverish animals have given contradictory results so far 

While substances like pyrotoxm and bacterioproteins no doubt cause 
fever in animals, the many definite types of fevei curves in man indicate 
that there is no single thermogenic substance which is common to all in- 
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fectious microbes and causes all feveis Experimental animal fever so far lias 
failed to show the peeuhar cycles of fever m man that point to moie specific 
leactions The fever type is clearly associated also with the production of 
specific antimicrobic substances In recurrent fever the fall m temperature 
has been shown by Gabritschewsky to be associated with the appearance of 
antibacterial substances that check the development of the spirilla As 
these substances dimmish a new attack sets m There is reason to believe 
that the fall of temperature vith the crisis in pneumonia depends on the 
somewhat sudden development of pneumococcidal and other reactions 
because the pneumococci as a rule disappear from the circulating blood as 
crisis comes on In cholera and typhoid the protective substances deielop 
gradually, in the spleen especially, and here the fever teimmates by lysis 

Speeial peculiarities are shown also in the produetion of fever m the 
tuberculous by the injection of tuberculin, and m lepers by potassium 
iodide At the same time more or less fevei may be caused in infections by 
substances of a more common character, it is, for instance, quite likely 
that disintegration of red corpuscles may set fiee pyrogenic substances 
The chill, characteristic of the onset of many infectious diseases, is thought 
to be caused by spasm of the cutaneous nerves under the influence of toxic 
bacterial products Working Party No 2 of the Yellov Fever Institute at 
Washington found that filtered blood withdi awn at the time of the malarial 
chill produces a chill on intravenous injection 

From animal as well as human experiments ive know'^that the cellular 
reactions that lead to the production of specific antibodies — antitoxins, 
lysins, agglutinins — often are all associated with fever When excessive 
quantities of antigenic substances are injected there may be fall of temper- 
ature m place of rise, as veil as general collapse, and the absence of fever m 
severe infections may be an indication that the cells are so overwhelmed that 
they cannot react m the usual way Viewed m this light, fever m infections 
may be regarded as an indication that the production of antibodies is pro- 
gressing favoiably 

For centui les fever was regarded as the expi ession of an effort on the pai t 
of the body to overcome the cause of the fever Liebermeister was the first 
to break with this conception and to hold that the pyrexia of fever is in 
itself harmful At present there is a tendeney to regard fever as beneficial 
at least m infections, rather than harmful Various experiments have been 
made to determine the influence of pyrexia on infection, but it seems rather 
doubtful whether the results are applicable to fever m human diseases 
The fact that a temper atm e of 41 2° C is injunous to certain bacteria in 
artificial culture loses a great deal of significance as regards the effect of 
similar temperatures m an infected body, because the conditions in vivo 
and m wtio are so different It has been found that labbits kept in a warm 
chamber (41 2° C) oi rendered hyperthermic by injuries to the nervous 
system withstand various infections better than control animals under the 
usual conditions This effect was obtained, however, only Avhen the pyrexia 
Avas induced at the same time oi very soon after the infectious organisms 
AA^ere introduced into the body — ^ e , during the incubation period — and 
hence may liaAe been due to some increase in the general resistance (leuko- 
cj4osis’), Avhile in spontaneous human infections fever develops at the 
end of the incubation period Avhen the infection is duly established It is 
therefore doubtful Avhethei these experiments really mean anytlung as 
regards the effect of fcA'cr on spontaneous infections 
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The Efiect of Infectious Diseases on Metabolism Microbic in- 
fection may produce chemical changes m the human body m three mam 
■ways First, b'\' changing, citliei chemically or in amount, the substances 
entering the bod'y, second, by altering in the same manner the substances 
leaving the body, and third, by setting up new chemical processes in the 
tissues themsehes The amount of substance taken into the bodj" through 
the gastio-intestinal tract may be reduced m infectious diseases m many 
wa-^'s, as by anoiexia, b'^' ]iain (as in infections of the pharynx and buccal 
cavity), by muscular inability (as in the spasms of tetanus), or by lack of 
nervous control (as in delirium) The available material ma-y be further 
lessened, by vomiting, by diarrhoea, by diminished power of the digestive 
juices, or by a direct interference with intestinal absorption This latter 
may be caused by excessue mucus, bj' exudates, by oedema, or by intestinal 
ancEmia, which mtei feres because the mam avenue of absorption is through 
the smaller bloodvessels 

In whichever way the diminution m intake is brought about, characteristic 
chemical changes result, which approximate, to a gi cater or less degree, 
those of inanition The life processes are then necessarily maintained at the 
expense of material already stored m the body A rapid and ultimately an 
almost complete consumption of carbohydrates and fats occurs, and a 
gradual reduction m the proteids, which reduction is grcatl}^ accelerated as 
soon as the fats and carbohydrates have reached a minimum These 
chemical changes bring about alterations m the output from the body, 
especially in the expired air, and m the urine The resppatory changes 
depend on changes m the kind of material oxidi/ed As soon as food is with- 
held and the carbohydrates and fats of the body are m laigc part consumed, 
the jidtient is practically In mg on a pure pi otcid diet — the pi oteids of his owm 
tissues The respiratory co-elTicient, that is, the ratio betw'cen expired c arbon 
dioxide and consumed oxygen, therefore, rapidly decreases from 0 S5, its 
value on an ordinary mixed diet, to approximately 0 7, its value on a pure 
proteid diet 

The most important urinary changes are those of nitrogenous excretion 
Following the cessation of intake of food, there is a lapid diop m the amount 
of N excreted, which continues until a minimum is reached, representing 
the smallest proteid destruction compatible with life The body is now’^ 
living almost entirely on stored-up non-proteid material As soon as this is 
exhausted, it begins to draw upon its proteid, wdien generally a sudden in- 
crease takes place m the amount of N excreted Some interesting changes 
also take place in the excretion of inorganic salts Thus the sulphates and 
other sulphur-containing bodies lun loughly parallel m then variations with 
the changes m nitrogen The chlorides probably undergo more marked 
changes than the other inorganic substances In the body an attempt is 
apparently made to keep the amount of NaCl constant, so that practically 
all NaCl taken with the food promptly appears m the urine On withdrawing 
food, this source of NaCl is therefore cut off The excretion then represents 
only the small amount of NaCl set free by tissue destruction The tissues 
themselves contain a relatively large amount of potassium, but only a small 
amount of sodium, the ratio being about 3 to 1 The food, how'ever, usually 
contains an excess of sodium, due mainly to the NaCl added in its prepa- 

'For this section I am indebted to W H Man warring, M D — L Hextoen 
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lation On withdrawing food, therefore, one would expect, not only a 
marked deeiease in the absolute amount of potassium and sodium excieted, 
but a maiked change in their relative proportions This is found to be the 
case While normally potassium and sodium are excreted in the approximate 
ratio 2 to 3, which represents roughly the K-Na ratio of ordinary mixed diet, 
in inanition this ratio rapidly increases, and eventually becomes 3 to 1, the 
K-Na ratio of living tissue A similar change takes place m the excretion of 
calcium and magnesium The Ca-Mg ratio on an ordinary diet is generally 
less than 1, but it increases and becomes greater than 1, as soon as the body 
commences to live on its own substances 

Infectious diseases may further mteifere vith the intake of material by 
jnoducing changes m the respiratory tract The amount of oxygen entering 
the tissues may be reduced by a narrowing of the respiratory passages (as 
from oedema), by an interference with respiratory movements (as from pain), 
by an interfering with the passage of oxygen through the alveolar walls (as 
from the presence of exudate), oi by a leduction m the oxygen-cariymg 
power of the circulating fluid (as m severe anremias) The resulting alter- 
ations m chemical activity must be pronounced, but their exact nature is 
poorly understood Their general character is indicated by the increase m 
the uiine of oxalic acid, lactic acid, ammonium salts, xanthm bases, and 
other products of incomplete oxidation 

Infectious diseases may alter the chemical composition of substances 
ingested This is most marked in the gastro-mtestmal tract, and may be 
brought about either by abnormal chemical changes m the material ingested 
or by abnormal absorption oi synthesis of the digestive products Ab- 
normal chemical changes in the ingested material usually result from the 
excessive action of j easts and putrefactive bacteria, but they may result from 
the action of specific microorganisms as well Lowered acidity of the gastric 
•juice, and lessened peristalsis, which characterize so many infections, both 
favor imcrobic gioivth Fortunately most products of decomposition so 
irritate the mucosa that vomiting and excessive peristalsis result The 
absorption, however, is usually sufficient to set up marked metabolic changes 
Such substances as COj, HjS, cadaverm and putiescm, so absorbed are in 
large part excieted unchanged Most of the acids so absorbed unite piomptly 
with the alkalis of the body fluids, foimmg alkali salts, m which form some 
of them may appear in the urine Phenol, kresol, and certain aromatic 
oxyacids, unite diiectly with potassium, hydrogen sulphate, glycocoll, and 
glycuionic acid, to form stable, nontoxic conjugation products, ■which are 
excieted unchanged in the urine Others, as indol and skatol, are first paitly 
oxidized to mdoxyl and skatoxyl, which then form conjugation products, 
others as tyrosm, are completely oxidized m the tissues 

Not only may infection alter the intake of material through abnormal 
putiefactive processes, but it probably may do so by altering intestinal 
absoiption as well It is possible that local changes may so modify the 
intestinal mucosa that substances not normally taken up are absorbed, and 
substances normally absorbed rejected Thei e may also be alterations in the 
intake of material by interference with the synthetic process The nature of 
these changes is as yet largely a matter of conjecture 

Interference with the output from the body may bring about abnormal 
retention of products usually excreted Such retention may result from alter- 
ations m the excreting organs, or may occur Avith apparently no change 



INTRODUCTION TO THE STUDY OF INFECTIOUS DISEASES 51 

in the excreting organs themselves, as seen in the retention of chlorides, 
phosphates, and other salts in acute fevers This is believed to be a measure 
designed to preserve the normal osmotic relations in the body altered by the 
destruction of circulating proteid Retention may also take place in in- 
fectious diseases like pneumonia, in which there is the formation of large 
amounts of exudate In whichever wa} it is brought about, an accumulation 
of waste products, noimally present only in traces, results, and the com- 
pensatory throwing out of these products by unusual routes 

The infectious diseases may on the other hand cause abnoimal losses 
Thus in inflammatory diseases of the kidnc}', or in slight alterations of renal 
epithelium due to toxins, there may be a considerable loss of albumins 
globulins, and other blood constituents In diarrhoea there is often so great 
a loss of water as to lead to a real desiccation of the tissues, as in cholera 
Here there is also loss of large quantities of albuminous material, Maiked 
loss of blood may occur, as in the intestinal hemorrhage of typhoid fever, the 
pulmonary hemorrhage of tuberculosis, etc The most maiked losses, how- 
ever, probably occur through the discharge from the body of inflammatory 
exudates and necrotic material Losses, from whatever cause, produce 
marked quantitative changes in the amount of albuminous and other 
material of the body fluids Indirectly they bring about qualitative changes 
as well, as they aftect the body in practically the same way as inanition, 
bringing about further changes in the respiratory quotient, nitrogenous 
excretion, and K-Na co-efficient 

There are equally marked changes due to alterations in the chemical 
processes n itliin the body itself These may be due (a) to modifications of 
function, (b) to increase in katabohsm in the tissues as a whole, (c) to in- 
crease in temperature, or (d) to tissue destiuction Alterations in function, 
outside of those m the glandular organs discharging on the surface of the 
body, are poorly understood But the marked changes in the gastric ]uice, 
the increased viscosity of the bile, the suppressed or increased amount of 
sweat, and the modifications of the urine and mammary secretions, indicate 
that probably all of the tissues of the body are profoundly affected m their 
metabolic activity, either through the direct action of toxic substances or 
waste products, or indirectly through nervous, circulatory, and lespiratory 
changes Outside of these there are numerous changes of a more gen- 
eral nature that can be classed under the head of increased katabohsm 
This shows itself not only in the increased heat production, but in the 
appearance m the excretions of an increased amount of all of the end- 
products of metabolism Nitrogenous excretion is increased two or tliiee 
times that of a normal man on the same diet, and the K-Na co-efficient is still 
further altered by the increased liberation of the potassium of the tissues 

Infection may cause death and disintegration of certain cells of the body 
and the decomposition of body fluids This is illustiated by the breaking 
down of the erythrocytes in malarial fever, by the destruction of the capillaiy 
endothelium m severe exanthemata, by parenchymatous degeneration, and 
by the circumscribed necrosis of abscesses The effect of this destruction 
depends largely on whether or not the dead tissue is invaded by micro- 
organisms If not invaded, a comparatively slow autolysis occurs, due to 
intracellular and circulating enzymes, with the formation of albumoses 
and smaller quantities of peptones and other end-products of tryptic di- 
gestion If bacteria enter there is m addition a rapid putrefactive process. 
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giving rise to decomposition products similar to those of intestinal putre- 
faction Among these aie histone, Bence-Jones albumose, and certain 
dia70 bodies Ceitam of these products, as the hremoglobin set free m blood 
destruction, may appear unchanged m the urine The other substances 
undergo changes similar to those in intestinal putrefaction 

It IS probable also that there are profound changes in delicate proteid 
molecules due to changes m temperature alone When we consider the 
marked changes m the ionization of simple salts, and m the arrangement of 
atomic groups m simple organic compounds, that follow an increase of only 
a few degrees m temperature, it is clear that there must be innumerable 
similar changes m tissue molecules due to the same cause What these 
changes are is yet a matter of hypothesis Theoretically one would expect 
an increased dissociation of complex substances, a rearrangement of simpler 
radicals, and a hastening of all piocesses depending on ionization The 
fever, therefore, would tend to inciease in the body the foimation of end- 
products of tissue metabolism 

Considering the chemical processes of infectious diseases as a whole, one 
is struck by the promment role played in these diseases by the products of 
proteid decomposition One sees how much the medicine of the future 
depends on an increase m knowledge of these products When one consideis 
that, in many diseases, the harmful effects are due as much to the action of 
these substances as to the direct action of the bacteria themselves, the possi- 
bility of assisting the organism, in some direct manner, to neutralize these 
products, or to inhibit the action of the enzymes that gives rise to them, is 
suggested 

The Formation of Antibodies — ^Most important reactions in infec- 
tions are those that result in the recently discovered antibodies, the general 
action of which is to neutralize morbific microbic products and destroy the 
invading microbes For centuries it has been a matter of common knowledge 
that recovery from an infectious disease leaves behind a more or less n ell- 
marked immunity to that disease, and this we now know is intimately 
associated with these cellular reactions The bodies concerned aie the 
antitoxins, the amboceptors, the agglutinins, the precipitins, and the opso- 
nins Our kno"\\ ledge of immunity — natural and acquired — and of the 
reactions whereby antibodies are produced, is inseparably connected with 
that of modern protective and therapeutic inoculation and serum therapy 


IMMUNITY, ANTIBODIES, AND SEBUM THERAPY 

Introduction — ^The development of immunity is the natural termi- 
nation of many acute infectious diseases, provided, of course, that the 
infection is not so severe as to destroy the mechanism of self-healing Ad- 
vantage was taken of this fact in the inoculation of smallpox and later the 
success of vaccination suggested that possibly infection with attenuated 
virus in general would give the same protection as with the fully virulent 
In 1881 Pasteur successfully vaccinated sheep against anthrax by means of 
cultures of attenuated anthrax bacilli The principle of artificial immuni- 
zation (vaccination, protective inoculation) agamst diseases of knovm 
microbic cause was now established 
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The actual beginning of definite studies of the finer mechanism of in- 
fectious reactions may be placed in 18SS, when Roux and Yersm discovered 
diphtheria to\m Then came Behring’s discovery, m 1890, of diphtheria 
antitoxin in the body of animals injected vith increasing quantities of 
diphtheria toxin, and analogous obseivations with respect to tetanus toxin 
(Behring and Kitasato), and to the vegetable toxins, ricin and abrm (Ehr- 
lich) The further demonstration vas made by Behring that antitoxic 
serum may protect healthy animals against fatal doses of the coiresponding 
toxin, and even cure those already sick, and curative serum therapy was 
established “Thus an innate faculty of the animal organism to de- 
velop in a marvelous manner its own resources vas turned to the common 
good ” 

The expectation that it would be an easy matter to obtain specific sera 
against all microbic diseases proved illusory because many infectious 
bacteria do not produce diffusible toxins as do tetanus and diphthena 
bacilli It became established that acqmrcd aniiioxic immumiy, vhich 
depends on the chemical neutralization of pathogenic toxin by specific 
antitoxm, has only a limited range Many cases of natuial immunity to 
toxins appear to be due to an absolute insusceptibility of the cells of the 
animals to the action of the toxin, which ma'v, as shown by Metchnikofl m 
the case of tetanus antitoxin, circulate free in the blood of the immune 
animals In other cases immunity may be the result of absorption of the 
toxin by cells of relatnely little importance to the economy, or in wdiich the 
toxin has little pathogenic pow'er The chicken has a relatively high im- 
munity to tetanus, it requires 200,000 tunes more toxin, gram for giam of 
W'eight, to kill a chicken than it does a horse, yet chickens contain no tetanus 
antitoxin 

In many infectious organisms the special poison is held to be firmly 
attached to the bacterial cells, being freed only as the cells disintegrate or 
elaborated under the special stimulus of the invaded body The poisons 
contained in the cells are called endotoxins, but so far it has not been possible 
to discovei any potent anti-endotoxins As active immunity becomes 
established against certain microorganisms of this class, newly foimed 
specific bacteiiolytic substances appear m the blood and for this reason the 
immunity in this case has been regarded as anhbacienal or hadciiohjhc m 
nature Natural immunity in some cases appears to be associated with 
bactericidal substances in the blood Thus wdiite rats are immune to 
anthrax and their serum is highly destructive of anthrax bacilli In other 
cases there seems to be no necessary relation betw'^een natural and bacteiicidal 
immunity powder, as m typhoid fever, which develops m spite of the fact 
that human serum is strongly bacteriolytic for typhoid bacilli 

Acquired bactericidal immunity may be conceived to depend on the cii- 
cumstances that the destruction of the bacteria, which it is true takes place 
also in normal serum, now^ is hastened so that it is complete before the 
bacteiia present have had the chance to multiply to the extent that a fatal 
dose of the poison, howmver produced, is set free The relative immunity 
that appears to persist for some time after the specific bacteriolytic sub- 
stances have disappeared from the blood has been explained as dependent 
upon an acquired sensitiveness of the cells, which now react with greater 
promptness and efficiency than before and thus set free on slight stimulus 
abundant antibodies (Wassermann, Cole) 
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Certain organisms appear to be destroyed by virtue of serum acting on the 
bacteria and phagocytosis by leukocytes of bacteria so influenced Immunity 
produced in this vay may be spoken of as ‘phagocytic or intracellulai anti- 
bacterial immunity The natural immunity of dogs to anthrax is at present 
best explained as phagocytic 

We are without any explanation of the exact manner in which the endo- 
toxins and other hypothetical poisons are neutralized in the last two forms 
of immunity, and there are many obscure phases m connection with those 
infections m which endotoxins are regarded as playing the essential part 
It IS more than likely that in many infectious diseases, healing and immunity 
are associated with all the three foims of reaction mentioned, and it is a 
present problem to determine for individual diseases the exact nature of the 
mechanism of healing In all these forms of acquired immunity a dis- 
tinction is made between active and passive immunity Active immunity 
develops as a consequence of the reactions m the course of spontaneous or 
artificially produced infection Passive immunity is the result of the in- 
troduction into the body of ready-made antibodies, whatever their nature, 
as in the injection of antidiphtheric serum Passive immunity is always of 
shorter duration than the active At the present time the study of immunity 
IS directed by Ehrlich’s lateral chain or receptor theory In its beginning 
this was advanced to explain the origin and action of diphtheria antitoxin 
and to give a basis for its standardization , but it has proved itself applicable 
to an ever widening range of similar problems 

The Origin of Ajatitoxins and Other Antibodies —Bacterial and other 
toxins have the power when introduced into the susceptible animal body 
to induce the formation of specific antibodies All substances with this 
property may be classed as antigens Ehrlich’s conception of the mode of 
action of antigens is perhaps best illustrated by reference to the action of 
toxins, the earliest antigens studied Briefly stated, Ehrlich’s theory assumes 
that a toxin can be harmful only after a chemical union with constituents 
(side-chains, receptois) m the protein molecules of the cell of proper stereo- 
chemical configuration (“as a kej fits its lock”), somewhat in the same way 
as food particles are taken up If a cell contains no receptors with which 
a given toxin can unite, then that cell is naturally immune to the toxin 
Sachs showed that the red corpuscles of the newly hatched chick are quite 
insusceptible to spider toxin (arachnolysin), which they do not take up, 
later, however, cells appear with the proper side-chains or receptors, and 
now the toxin causes laking In some animals immune to certain toxins, 
the latter may remain free and seemingly unchanged for days and weeks 
That toxins unite firmly with cells is shown by the firm fixation of tetanus 
toxin by nerve tissue (Wassermann and Takaki) Donitz has demon- 
strated that it concerns here the gray matter, the neurocytes Numerous 
other similar examples can be cited 

Like eertain complex chemical compounds of Icnown composition, the 
toxin molecule is regarded as having two distinct atomic groups, one whereby 
it unites with cell side-chains or receptors, and called the haptophore or 
binding group, and one by means of which it exercises its peculiar toxic 
effect, and hence called the toxophore group In the case of other antigens — 
e g , precipitinogen, agglutinogen — ^the group corresponding to the toxo- 
phore group IS commonly called the functional group This conception 
explains the fact that when toxin and other antigens in general become old, 
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or are subjected to chemical and other influences, they may ii eaken m their 
special toMC or other properties, but nevertheless pioduce antibodies m 
suitable anmials Evidently the functional group is the nioie sensitive, 
whereas the haptophore group peisists and unites with cell receptois 
To\m so changed is called to\oid, and we know of several othei “oids” — 
ao^glutmoids, amboceptoids, complementoids In the case of to\ms it is 
possible to separate m point of time the action of the two gioups in fiogs 
tetanus toxin is not toxic below 20° C in spite of the fact tliat the toxin is 
bound to nerve cells belou this temperature, only at a highci degiee does the 
toxophoie group unfold its activity (Morgenrotli) 

Now when certain special leceptors of a cell aie occupied bj" the hapto- 
phore gioups of a given antigen to such an extent that it intcifcres uitli their 
function in metabolism, then a regeneration of receptois begins, uhicli, 
according to Weigert’s law of regenerative overcompensation, gives rise to 
more receptors than the cell needs, and these are tin own oft fiom the cells 
into the circulation as free antibodies Wassermann believes that in receptoi 
formation the functional group of the antigen stimulates the cells involved 
Any cell that can bind antigens and pioduce receptors may pioduce anti- 
bodies also This power is probably widely spiead among the cells of the 
body Antibodies may form in loco Avhere antigens are dejiosited, as shou n 
by Romer, who found that tieatinent of the conjunctiva of one eye u itli abiin 
gave rise to antiabrin in that eye only, and by v Dungein, uho found that 
specific precipitin was formed in the tieated eye onlj’’, and nouheie else 
Kraus and Levaditi seemed evidence that piecipitin is foimed by leukocytes 
Wassermann and Citron recently shoved that theie may be a local pro- 
duction of antityphoid bodies on the part of the cells of the pleura, peii- 
toneum, and possibly of the subcutaneous tissues 
Among free cellulai receptors are antitoxins, antifeiments, agglutinins, 
precipitins, and various amboceptors, the nature and function of the par- 
ticular receptor set free depending on the antigen that by union with fixed- 
cell receptors stimulated the mechanism of leceptor formation (see Table) 


Antigens 


Antigens and Antibodies 

Antibodies 


(iMlItJNIZING SnnSTANCFS) 

Toxins 

Ferments 

Piecipitmogens 

Agglutinogens 

Opsogens 
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Antitoxins 

Agglutinins 

Complements 

Opsomns 
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Antitoxins 
Antiferments 
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Antiopsomns ? 

Antiamboceptors 

Antiprecipitins 


By careful stimulation of this mechanism with gradually increasing quanti- 
ties of antigen large amounts of antibody may be pioduced For a short time 
after the inoculation of various antigens there ensues a depression of the 
mechanism of antibody formation (“negative phase”) which soon gives way 
to an active production of antibodies (“positive phase”) after which there 
IS a gradual return to the normal It has been found that re-inoculation 
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during tire negative phase generally serves to prolong and deepen that phase 
and that the greatest yield of antibodies is obtainable by reinoculation in the 
positive phase This physiological fact is made use of by Wright in deter- 
mining the pioper time for administering bacterial antigens foi therapeutic 
purposes It is regarded as a well-established law that animals do not form 
antibodies against constituents of their own bodies and to a limited extent 
only against those of closely related species, but there are exceptions to this 
rule 

Intra-utenne Transmissi.on of Antibodies, — ^Ehrlich’s classical experi- 
ments with mice immunized against ricm, abrin, and robin, show exclusively 
that immunity is not transferred to offspring by way of ovum or spermatozoa 
The brief immunity observed in the young of immune mothers is passive 
m its character and due to transmission of maternal antitoxin through the 
circulation before birth and m the milk after birth Analogous results were 
secured by Ehrlich and Hubener m the case of tetanus, and by Wernicke m 
the case of diphtheria — immune mothers (guinea-pigs) transmitted an 
immunity to their young lasting at the very most into the third month 
Actively immunized mothers transfer agglutinins (Dieudonne), hfemolytic 
amboceptors (Kraus), and precipitms (Werkel) to offspring It has been 
shown that the eggs of immunized chickens may contain antitoxin 

Antitoxins — ^titoxms are free cell receptors They are protective and 
even curative, because by uniting with the haptophore groups of the toxin 
molecules they prevent these uniting with the cells As stated by Behring, 
the substances m the body that, when situated m the cells, are a piimaiy 
essential for the toxic process, become curative agents when they enter the 
blood stream Theie are, however, examples of antitoxin production in 
clinically immune animals Metclmikoff found that the alligator, which 
IS immune to tetanus, produces antitoxin when injected nith tetanus toxin, 
m this case it is probable that the toxin is bound by cells outside the nervous 
system upon which the action of the toxophore group has no recognizable 
clinical effect Not all animals influenced by a certain toxin respond to 
small doses of toxin by producing antitoxin In guinea-pigs and rabbits, for 
instance, diphtheria and tetanus toxin when unchanged only mcieascs sus- 
ceptibility By modifying the toxin with ehemieals or m other ways it 
becomes possible to increase resistance so that increasing doses of toxin may 
be mjeeted and antitoxin set free 

The sera of immunized animals do not always possess the same curative 
and protective value Depending on various complicated factors such as 
constitution of the animal, duration and degree of immunization, etc , the 
potency of antisera vanes within wide limits Hence it becomes necessary 
to establish units for measurements of the stiength of sera Progiess m 
serum therapy depends on the employment of sera of ascertained quality, 
so that comparable results may be secured In this country antidiplitheric 
serum is the only official serum as yet ^ As regards tetanus antitoxin the 

' A description of the methods by which the immunity unit for diphtheria antitoxin 
IS obtained is given by M J Ilo'^enau, Bulletin No 21, Hygienic Laboratory, United 
States Public Health and Marine-Hospital Service, Washington, pp 1-92, 1905 
In viev of the fact that the standard serum issued by the United States Public 
Health and Marine-Hospital Service is the official standard for this country, the 
description of the methods of testing, etc , m this bulletin may be regarded as 
official See also. Journal of Infectious Diseases, 1905, Supplement No 1, y 284- 
294 
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following statement by Bosanquet represents the present status as to stand- 
ard serum m this countiy also “Unfortunately no standard strength is 
adopted in the serums on the market The dose is geneially calculated 
in cubic centimeters, wuthout any statement ot the numbei of units contained, 
so that not only is accurate dosage impossible, but cases recorded as tieated 
Avith antitoxin have very little value owung to the impossibility of knowing 
how many units of antitoxin -were really used ” 

Like antibodies m general, many antitoxins occur in normal animals 
Diphtheria antitoxin occuis m small quantities in about 50 per cent of 
human beings and in about 30 per cent of horses We knoiv ^ery little 
about antitoxins except from their specific actions They aie found in the 
fluids of the body, especially in the blood and milk They are changed by 
heating to 60 to 70° C and by exposure to light, wdien dried they toleiate 
higher degrees of heat and may be kept for a long time It has been very 
difficult to free the antibodies from seium albumin and serum globulin 
By fiactional salting out of proteins Pick found that euglobin or pseudo- 
globulin contains all the antitoxin, the kind of globulin concerned depend- 
ing on the kind of animal and the kind of toxin used for immunization 
The question ivhether toxins, antitoxins, and other bodies concerned in the 
reactions of immunity, aie colloidal substances purely, is now^ being discussed 
Pauli emphasizes the many similarities betiveen the reactions of immune 
bodies and colloids, w hile Bechhold points out that the colloid nature of 
toxins, for instance, is yet to be established, at the same time as he w'^as one 
of the first to call attention to the analogy beLveen the precipitation of colloid 
su^ensions and agglutination 

The Neutralization of Toxin by Antitoxin —The early explanations 
of the action of antitoxins w'^ere largely vitahstic The idea that antitoxin 
is a changed toxin fell to the ground because the amount of antitoxin pro- 
duced is out of all proportion to the amount of toxin injected, and because 
of the reproduction of antitoxin after bleeding immunized animals At the 
present time neutralization of toxin by antitoxin is regarded as the lesult of 
chemical union into harmless and fairly stable compounds The study of 
the union of toxin and antitoxin ivas furthered by Ehrlich in selecting for 
this use toxins that act in vitro as ■well as in vivo In this ■way the difficul- 
ties of the use of hvmg animals were largely overcome The effects of blood- 
lakmg toxins of bactenal origin (hfemolysins like tetanolysin, etc ) and their 
antitoxins, and of vegetable agglutinins for red corpuscles (ricin, abrin, 
crotin, robin) and their anti-agglutmins, as well as of certain feiments that 
give rise to antiferments, are easily follo^wed in the test-tube In experi- 
ments with hsemolysins and antihiemolysms, red corpuscles, fieed from all 
serum, are used as indicators of the effects of various mixtures, the laking 
being measured by means of simple colorimetric scales The results of 
these experiments show that toxic and antitoxic action may take place w ith- 
out the immediate cooperation of the living organism, and that the combi- 
nation toxm-antitoxm follow^s chemical laws The rapidity wath which toxin 
and antitoxin unite depends on the degree of concentration, tempeiature, 
medium, amount of salts present, etc In several instances it has been 
showm that they obey the laws of multiple proportions The same general 
law's appeal to govern the union of other antibodies wuth the substances upon 
which they act 
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Toxins must be regarded as having a greater avidity for antitoxm (free- 
cell receptors) than for fixed cell receptors, or at least as great, were this not 
so it would be difficult to explain the action of antitoxin Recent union 
between toxin and cells may be broken up by antitoxm This is shown in 
Madsen’s experiment of “healing m the test-tube,’’ m Avliich antitetanolysin 
was found to prevent laking of corpuscles by tetanolysin even after the 
latter had become united with the corpuscles In this way may be explained 
the good effect of antitoxin m large doses after characteristic symptoms have 
developed As time goes on, however, the union between toxin and cell 
becomes firmer and firmer, and the antitoxm soon loses the power to separate 
the toxin from the cell — i e , to arrest the toxic action This shov s the 
necessity of early administration of antitoxm m large doses in diseases like 
diphtheria and tetanus — ^lessons taught also by clinical experience 
Ehrlich demonstrated that there is no fixed relation between the toxicity 
of diphtheria toxin, as represented by the soluble products of diphtheria 
bacilli in broth cultures, and its power to combine chemically with diphtheria 
antitoxin Various influences — ^time, heat, light, etc — reduce its toxicity 
without altering its power to combine with antitoxin Thus it became 
necessary to establish an arbitrary standard of antitoxin, which is more 
stable than toxin, by comparison with which other antitoxic serums might 
be standardized An accurately tested serum was carefully dried for presenta- 
tion and IS now used as a standard As the antitoxm unit or immunity unit, 
Ehrlich established that quantity of antitoxic serum that will neutralize 100 
lethal doses (M L D ) for guinea-pigs weighing 250 grams Two important 
limits (limes) are established, namely, (1) L°, by which is meant the 
amount of toxin that exactly neutralizes one immunity unit of antitoxin, 
and (2) L-b, by which is meant the amount of toxin that will neutralize one 
unit of antitoxm + the amount necessary to kill a gumea-pig, weighing 250 
grams, in 4 days Ehrlich now showed that, when the L° quantity of toxin 
IS partially neutralized by adding fractional amounts of antitoxm, there is 
at first no decrease of toxicity m the mixtures, as there should be if the true 
toxin were bound by antitoxin Evidently the crude diphtheria poison 
contains certain substances that are non-toxic at the same time as they 
bind the antitoxm with greater avidity than the toxin proper The body 
which has the greatest affinity for antitoxin is called by Ehrlich pi oiotoxoid 
It may require as much as one-fourth of the immunity unit to saturate the 
prototoxoids in the L° dose of poison From now on the toxin diminishes 
m toxicity in exact proportion to the amount of antitoxin added When, 
say, two additional fourths of the antitoxic unit have been added to L° of 
toxin, the mixtures no longer produce acute death, but local oedema and 
late paralysis, and this is accounted for by Ehrlich as due to another toxic 
body with less affinity for antitoxin than toxin and prototoxoid, and desig- 
nated as toxone The difference between toxoid and prototoxoid is this, 
that the latter has a stronger avidity for antitoxm, while toxoid in this respect 
equals toxin proper Both toxoid and prototoxoid are without active toxo- 
pliore groups Ehrlich’s explanation of the fact that a certain amount of 
antitoxin may be added to the crude diphtheria poison without lessening its 
toxicity has been accepted generally His belief, however, that the poison 
contains two active toxins — ^namely, the diphtheria toxin proper and tox- 
one — has been attacked by Arrhenius and Madsen, who have given these 
phenomena a simpler mterpretation m that they regard the reactions between 
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toxin and antitoxin as reversible, analogous to the reactions between other 
substances of feeble affiinty, and consequently obeying the Guldberg-Waage 
law of mass action They have calculated the constant K for a number of 
combinations It has been pointed out, however, that the mixtures are not 
homogeneous, and that the degree of reversibility, if any really exists, is 
extremely small, and at present the Ehrlich interpretation of toxm and 
toxone seems to have the greater number of followers 
Lysms (Bacteriolsdiic and Hasmolytic Amboceptors) —Bacteriolysis, 
or the solution of bacteria by normal and immune serum, is a complex 
process Nuttall first brought definite proof that defibrinated blood and 
other fluids are bactericidal Buchner regarded the bactericidal substances 
of blood as the prmcipal protective agents against infection, and for this 
reason he named them alexins (aXe^av = to guard) Later investigations 
have shown that there is no concordance between natural immunity and 
the bactericidal power of the serum as now understood Thus human 
serum is strongly bactericidal to typhoid bacilli, and yet as typhoid fever 
establishes itself there develops a typhoid bacillfemia On the other hand, 
dog serum is not harmful to anthrax bacilli, and nevertheless the dog is 
naturally immime to anthrax 

R Pfeiffer first observed that cholera germs placed in the peritoneal 
cavity of a gumea-pig, immunized to cholera, undergo lysis — “Pfeiffer’s 
phenomenon ” Before long similar phenomena were observed with respect 
to typhoid, pest, and other bacteria Pfeiffer showed, further, that lysis 
occurs also when cholera germs are placed in the body of a normal guinea- 
pig provided they are mixed ivitli the serum of an immune animal As the 
unit of immune cholera serum, Pfeiffer designates that amount that saves a 
gumea-pig weighing 200 grams from 10 times the fatal dose of an eighteen to 
tn enty-four hour old agar culture of cholera bacteria mixed with the serum, 
the total quantity of the mixture ahiays being 1 cc Pfeiffer’s antibodies, as 
the active substances m the immune serum were called, v ere found to be 
strictly specific Pfeiffer first believed that his antibodies could be activated 
only by something in the body of living animals, but hletchnikoff and Bordet 
demonstrated that the destruction takes place m vitro also, when normal 
serum is added to immune serum 

The study of bacteriolysis received great benefit from the discovery by 
BordeP that repeated injections of an animal with the red corpuscles of 
another speeies gives rise m the blood of immunized animals to a specific 
substance that ^n vitro lakes the red corpuscles injected, m the same way as 
immune bacteriolytic serum causes lysis of corresponding bacteria This 
was studied thoroughly by Ehrlich and his coworkers, and to them we owe 
theoretical explanations that have proved most helpful Strictly speaking, 
lakmg of red corpuscles should not be called lysis, because in most cases the 
corpuscles are not really dissolved With this restriction haemolysis and 
bacteriolysis follow the same scheme The serum of normal animals and of 
man contains several hiemolytic and bacteriolytic bodies, and by immuni- 
zation with animal and bacterial cells, as well as cellular disintegration 
products, the amount of lysin may be increased m a specific manner, or 
entirely new lytic substances may be produced Nissen, v Behring, and 

' The same discovery was made by Landsteiner and by von Dungern quite in- 
dependently 
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Bouchard, were the first to show that iminunization with certain bacteria 
greatly increases the bacteiicidal power of the serum 

The attached or free-cell receptors that give rise to lysins have been called 
lysogens Intravenous injections of cholera germs require only minute 
quantities to produce immunity Pfeiffer and Friedberger have determined 
that 0 004 mg of bacterial substance^ containing 0 000,000,4 gm of active 
bacterioprotein gives rise to amboceptors enough to cause the solution of 
300,000,000 times the amount of bacteria injected Conradi, Neisser and 
Shiga, Strong, and others, have demonstrated that autolysis of typhoid, 
dysentery, and cholera bacteria killed by heat sets free bacteiial receptors — 
lysogens — ^ivhich on injection in sterile filtrates give rise to immune bodies — 
i e , to active immunity Wassermann recommends for artificial immuni- 
zation against typhoid fever and cholera, powder obtained by evaporation 
in vacuum of the fluid that results when suspensions of bacteria are Icilled 
by heat and allowed to digest themselves (autolysis) 

Baumgarten, Fischer, and others, have urged that the bactericidal action 
of normal and immune serum is due to purely physical factors, especially 
osmotic distuibances, and lack of assimilable food substances But this 
view has had to give way m favor of more specific action Nor has it been 
possible to explain bacteriolysis as due to alkalinity, which, however, may 
play some role in the process Landsteiner and Eisler suggest that lysins 
act through some kind of union with the hpoid and protein substances 
in the membranes of cells and bacteria They found that ethereal extracts 
of animal and bacterial cells bind various lysins 

Both normal and immune lytic sera cause lysis by virtue of tvo distinct 
interacting substances, one as a rule destroyed by heating at 55° C for 30 
minutes, the complement, and one that is more thermostable (Boidet) 
Serum that has lost its lytic poner on account of destiuction of the comple- 
ment by heat or otheiwise is said to be inactivated, it may be reactivated by 
the addition of fresh serum containing the suitable complement only The 
thermostable body, commonly 9 alled immune body or amboceptor, is the one 
that IS produced in a specific manner during immunization as the result of an 
overproduction of cell receptors Amboceptors are assumed by Ehihch’s 
theoiy to be free cell receptors, which differ from antitoxins in having two 
haptophore groups, one by which they unite with the receptors of the corre- 
sponding bacterial or other cells — the cytophile group — and one by which 
they unite with the thermolabile complement — the complementophile group 
In itself the amboceptor is without any destructive action 

The importance of cell receptors m causing the formation of amboceptors 
is shown very clearly by an experiment of von Dungern’s He found that 
blood corpuscles loaded with amboceptors from digestion m heated immune 
haemolytic serum no longer were able to start the formation of amboceptois 
when injected into the proper animal The receptors of the corpuscles 
being occupied, they could not unite with receptors in the cells of the animal 
injected, hence there was no setting free of new reeeptors (amboceptors) 
Amboceptors are fairly stable bodies, heating to 60° C for twenty hours 
has no marked effect upon them, but heating to 70° C for one hour destroys 
them They are non-dialyzable and may be kept for years Manwanng 
has shown that m serum heated sufficiently to destroy the complement only, 
it IS possible to demonstrate the presence of substances that on the one hand 
favor and on the other hand inhibit luemolysis These substances prevent 
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the determination of the physicochemical laws of the union of amboceptors 
with corpuscles 

Not all bacteriolytic serums are thermolabile Alice Hamilton has found 
that rabbits and goats immunized to virulent pseudodiphtheria bacilli 
contain specific bacteriolytic substances that are rendered inactive only by 
heating at 88° C for one hour Jessie Horton finds that the anthracidal 
action of normal white-rat serum, ascribed by Behring, Pirenne, and others 
to its alkalinity, is more likely due to a thermostable anthracidal substance 
that makes its appearance as the animals grow older, soon after birth the 
serum is inactivated by heating at 56° C for thirty minutes The exact 
nature of these substances, whether simple or complex, has not been deter- 
mined They may well be simple bacteriolytic substances with two groups, 
namely haptophore and toxophore Woelfel and Levaditi have described 
thermostable hiemolysins m normal serum 

The same serum may contain several amboceptors, and the amboceptors 
m different serums differ as a rule Amboceptors capable of uniting with 
the same cell, bacterial or otherwise, may differ m two respects, namely, 
m their cytophile and m their complementophile groups The same am- 
boceptor may be able to unite with several complements by virtue of possess- 
ing several complementophile groups (polyceptor) A serum may contain 
amboceptors for a certam cell but not any suitable complement, as m the 
case of dog blood, for instance, which contains an amboceptor readily 
taken up by anthrax bacilli, the complement necessary to complete the 
lysis may be found, however, in some other animal, e g , the rabbit The 
researches of Flexner and Noguchi have shown that cobra and other venoms 
play the part of amboceptors m haimolysis, and Kyes showed that lecithin 
may act as complement to the venom amboceptors 

The complements are sensitive, ferment-hke substances normally present 
m blood, and are not increased by immunization with foreign cells Blood 
contains many kinds of complements, and not merely a single one, as usually 
claimed by French investigators, and the complements m different bloods 
may differ as to the affinities of their haptophore groups Complements m 
general are neutralized by various salts m dilute solutions (CaCl 2 , BaClz, 
SrCl 2 , KFeCNo, Na 2 C 204 , NagCgHjO^, etc ), so that there is a close relation- 
ship m their physicochemical properties Now when complement is 
attached to a red corpuscle or a bacterial cell by means of the amboceptor, 
it causes lysis (bacteriolysis, cytolysis) by virtue of the action of its zymotic 
group Complements, then, resemble toxins m that they have two atomie 
groups, haptophore and toxophore or zymotic The toxophore group may 
be rendered inactive, while the haptophore group retains the pov er to unite 
with the amboceptor, the complement is now said to have changed into 
complementoid 

Antiamboceptors occur normally Pfeiffer and Friedberger describe a 
body with antibacteriolytic action m normal serum containing amboceptors 
for typhoid and cholera germs Whether antiamboceptors capable of 
occupying the cytophile groups of the hiemolytic amboceptors may be pro- 
duced artifically appears to be questionable Antiamboceptors with hapto- 
jihore groups similar to those of complements, and consequently the equiva- 
'Ifent of complementoids, aie described by Bordet and Ehrlich and Sach« 
Free bacterial receptors might act as antiamboceptors by'^ occupying the 
cytophile groups of amboceptors 



62 


INFECTIOUS DISEASES 


The brief duration of immunity, especially the antitoxic as well as the 
anti-mfectious, has given nse to considerable speculation, especially as the 
specific substances, such as antitoxin, disappear rapidly from the blood and 
in some other way than m the secretions V Behring made the interesting 
observation that m horses the passive immunity to tetanus lasts much longer 
when it is due to the injection of homologous antitoxic serum than of heterog- 
enous This led to the suggestion that possibly the injection of heterog- 
enous serum gives rise to precipitms and precipitates that carry with them 
the specific antibodies Define and Hamburger observed that the addition 
of a precipitating serum (precipitin) to antitoxic horse serum made the latter 
inactive This has been confirmed by Sacharoff, and Kraus and Pribram 
As regards bacteriolytic serum Pfeiffer and Friedberger believe that the 
amboceptors m immune serum (antibacterial) may give rise to antiambo- 
ceptors, because they found that the immunity produced by cholera bacteria 
laden with amboceptors by treatment with immune serum and then ivashed, 
IS not any longer m duration than that from injections of serum alone In 
this way they believed that they could exclude the possibility of specific 
precipitation Wassermann and Bruck reach the same conclusion In 
their experiments they first removed all precipitable substances without any 
loss of amboceptors, but without bemg able thereby to prolong the passive 
immunity 

Under certain ciicumstances, i\hen amboceptors are present m excess, it 
has been conceived that the complementophile groups of fiee amboceptors 
may unite with complement to such an extent that lysis is markedly di- 
minished, if not suspended entirely, because of the lack of complement for 
the amboceptors that have become attached to the cells This is known as 
deviation of complement (Neisser and Wcchsberg) According to Bordet’s 
theory the amboceptor modifies the cells in some way, so that they are 
rendered susceptible to the action of the complement, which he thinks does 
not unite with the amboceptor Now deviation of the complement by free 
amboceptor does not harmonize with Bordet’s conception of the mode of 
action of the amboceptoi Complement deviation may be of practical 
importance, as possibly the satisfactory action of a bacteriolytic serum 
depends on a certain balanced relation between complement and amboceptor 
Anticomplements, normal as well as immune, have been described by various 
investigators, but there is some doubt as to the conclusiveness of the experi- 
ments because Gengou, Moreschi, and Gay “have shown that in immuni- 
zation with serum, antibodies directed against the albuminous constituents 
are formed which, by uniting w'lth the corresponding albuminous bodies 
possess the power of exerting anticomplementary action ” Here dissolved 
albuminous bodies and not complements are the antigens This neutiah- 
zation of complement by serum + antiserum — antigen -{-antibody — is nmv 
bemg used for the purpose of demonstrating the presence of infectious 
materials and immune bodies in the fluids and tissues of patients with various 
diseases (Wassermann) 

Opsonins (Phag0C3rt0SlS) — ^The discovery by Wright and Douglas 
of the presence in normal blood of certain substances called by them op- 
sonms,^ vhich render various bacteria susceptible to phagocytosis, has 
stimulated anew the interest in this process It has been shown conclusively 


'From the Latin dbsono or opsono, "I cater for,” “I prepare food for ” 
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that phagocytosis of many bacteria by the leukocytes is wholly dependent 
on these speeial substances, which become attaehed to the bacteria and in 
some as yet unknown manner so change them that they are readily taken up 
by polymorphonuelear leukocytes Leukocytes freed from serum by washmg 
do not take up bacteria suspended m salt solution Bacteria treated with 
opsonic serum and then freed from serum by washmg are taken up by 
washed leukoeytes Bacteria so treated may be designated as sensitized, 
but sensitized or opsomfied bacteria are not necessarily altered i ecogmzably 
m form or function, and many bacteria multiply freely in sera that contain 
opsonin Normal opsonins are largely destroyed by heating at 60° C 
for thirty minutes, some being more resistant than others At 0° C normal 
opsonins may be preserved for several days, at 36° C they deteriorate 
quickly Like complements, they are neutralized or bound by various salt 
solutions and other substances such as formalin and lactic acid so that they 
cannot act on bacteria Opsonins may be conceived as having a structure 
like that of agglutinins, to\ms, complements, precipitins, and to possess at 
least two groups, a haptophore, by which they attach themselves to bacterial 
and other cells, and a functional, by which is produced the change m the 
cell that makes it phagocytable 

There is abundant evidence that immunization with suitable bacteria and 
led corpuscles may give rise to immune opsonins Wright and Douglas 
noted a marked increase in the opsonic power of the serum of patients suffer- 
ing with chronic staphylococcus infections, after injections of 0 75 to 1 cc 
of heated broth cultures of staphylococci They also showed that the opsonic 
power with respect to tubercle bacilli greatly increases m response to inocu- 
lations of tubeicuhn On the strength of these and other facts Wright has 
developed his method of treatment of infections with vaccines of the infecting 
bacteria, the opsonic mde\ being used as a guide for the injections Several 
years ago Denys and his coworkers observed that rabbit leukocytes m normal 
serum ingested the avirulent strain of a streptococcus, but not the strain made 
virulent by repeated passage through animals In the serum of immunized 
rabbits and horses, however, the leukocytes were found to have marked 
phagocytic power over virulent streptococci Bordet, Besredka, and v 
Lingelsheim, all noted the greatly increased phagocytosis of streptococci m 
the presence of immune serum both m vivo and m vitro, and the Belgian and 
French investigators ascribed the cause to stimulation of the phagoeytes ^ 
Recently Neufeld and Rimpau showed that leukocytes, digested in antistrep- 
tococcus serum and then suspended in normal serum, do not take up virulent 
streptococci But digestion of virulent streptococci with antistreptococcus 
serum, then washing them in NaCl solution and mixing them with leukocytes, 
resulted in marked phagocytosis They made analogous observations with 
refeience to pneumococci, thus showing conclusively that the immune serum 
may so change certain virulent bacteria that leukocytes ingest them It has 
been shown too, that in many infections there is increase of opsonin for the 
corresponding bacterium at some stage of the disease, e p at the time of crisis 
m pneumonia (Wolf) 

Savtchenko and others, and recently Neufeld and Topfer, Barratt, and 

'Metchnikoff has designated substances that have been assumed to stimulate 
phagocytes as “stimuhns ” Whether there are real stimulms has not been deter- 
mined It seems probable that much of ivhat has been regarded as stimulation in 
reality is the result of opsonification 
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Hektoen have shown that the seium of animals immunized with alien blood 
commonly contains opsonin for the coipuscles in question Human seium 
may contain opsonin foi human erythiocytes (iso- and auto-opsonm) 

Neufeld and his couorkers propose to call the substances that rendci 
bacteria and corpuscles susceptible to phagocytosis, bacteriotropic and 
hajmotropic substances As already pointed out, Wright and Douglas in 
1903 suggested that substances of this kind should be Ccalled opsonins, and 
m view ot the prioiity of their suggestion, as well as the appropriateness and 
adaptability ot the term opsonm, it would be well to apply it also to the 
opsonic substances that arise in consequence of immunization either with 
bacteria or animal cells We may speak of noimal and immune opsonins for 
bacteria and foi red corpuscles (bacteii-opsonms and liami opsonins) Theie 
is every reason to believe that opsonins are distinct from and that they aie 
specific in the same degiee as other antibodies 

The demonstration that opsonins render various bacteria susceptible to 
phagocytosis does not prove fully that tliese substances are of any importance 
m infections It must be shown that phagocytosis is essential for the destruc- 
tion of ceitam bacteria by the blood Denys showed that in mixtuies of 
normal rabbit leukocytes and normal rabbit serum there was little or no 
destruction of virulent streptococci, whereas, when immune scrum was 
substituted, prompt phagocytosis with complete destruction of the strepto- 
cocci took place 

The serum of normal persons and of patients with streptococcus infections 
has no streptococcidal eftects, but constitutes a good medium foi streptococci 
Ruediger has shown that normal defibrinated human blood has some strep- 
tococcidal etiect, that blood from patients with acute infections and leu- 
kocytosis has much gieater destructive effect, and that the higher the 
leukocyte count the greater this effect lie shows, too, that the opsonin in 
the serum must be present in the mixtures in order tliat streptococci may 
be destioyed Rosenow has made analogous obseivations with respect to 
pneumococci 

It IS extremely probable that the relative immunity of the dog to anthrax 
IS due to phagocytosis Virulent anthrax bacilli glow freely in normal dog 
seium and in suspensions of n ashed dog blood corpuscles, but are destioyed 
in defibrinated dog blood, and this is associated with marked phagocytosis 
Destruction also takes place when normal serum is added to washed cor- 
puscles and when bacilli, sensitized in normal serum, then Avashed, aie 
mixed AVith Avashed corpuscles or leukocytic exudate The essential lole of 
intraleukocytic destruction of the bacilli is shown also m plates made AAutli 
decieasing quantities of blood and a fixed quantity of bacilli, the total quan- 
tity being kept at 1 cc in all cases by adding normal dog seium The 
destruction decreases as the corpuscles (leukocytes) decrease 

Tlie prompt and pionounced phagocytosis of different bacteria m the 
peritoneal cavity in the presence of specific immune serum indicates that 
opsonins play the same part in vivo as in vitro, and Ave have m opsonins a 
neAV form of antibody that must be reckoned Avith, especially in the explana- 
tion of immunity to and healing of those infections that are caused by 
bacteria, the destruction of AAduch is not accomplished by free lysins (strepto- 
cocci, pneumococci, etc ) 

Precipitins — In 1897 Rudolf Kraus of Vienna discovered that the serum 
of an immunized animal forms precipitates AVith substances in the sterile 
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filtrates of biotli cultures of the corresponding bacterium This reaction 
was found to be quite specific but m ceitain cases no piecipitate is foimed 
(B diphtherise) In 1S99 Tschistowitsch and Bordet found that serum of 
an animal injected with alien seium causes precipitates in the alien serum 
Fisch obseived that injection of epithelial cells gives a serum that piecipitates 
the casein in milk We maj' sjieak of bacterioprecipitms, zooprecipitins, 
and phytoprecipitms Wassermann and Schutze, and Uhlenhuth applied 
the reaction to the diftercntial diagnosis of human and animal blood and 
albumins, and the piecipitation method or test is now established firmly 
m forensic medicine NuttalB has made extensive studies into the biological 
lelationship of animals by means of precipitating sera, and he has devised 
a method of volumetric measurement of the precipitate m oi dei to determine 
the relative values of the reactions obtained 

Ivraus and others have found precipitms for alien serum in the organs and 
blood of normal animals, but the normal occurrence of bacterioprecipitms 
has not been observed definitely The presence of precipitable substance 
(precipitinogen) is demonstiated by means of specific immune serum In 
man and animals precipitinogen is present m the blood, the organs, in milk, 
and m various pathological products (inflammatory exudates, transudates, 
albuminous urine, etc ) Precipitinogen of bacterial origin may be secured 
by means of filtered extracts with NaCl solution of agar cultuies and m 
filtrates of bioth cultures Numerous efforts have been made to obtain this 
substance in pure form, but as yet the results are somewhat conflicting 
It is generally agreed that precipitinogen is part of a protein molecule that 
possesses considerable resistance to high temperature, alcohol and ether, 
decomposition, and various digestive ferments Precipitin is not formed by 
all animals Animals do not form precipitms active against their ov n sera, 
and closely i elated animals do not produce liberal quantities of piecipitin 
■when injected with the serum of one another In suitable animals precipitin 
appeals in the blood in fiom foui and one-half to five and one-half days after 
injection of piecipitinogen Obeimeier and Pick found 02 gram of albumin 
and Schur 004 giam, enough to cause demonstrable precipitin To obtain 
specific precipitin for the forensic testing of suspected human blood it is 
customary to immunize rabbits for weeks with human serum 
Kraus and Pirquet as v ell as others haA^e shown that precipitin is a com- 
plex body composed of tivo atomical groups, a more stable haptophore 
group by Avhich it unites A.ith precipitinogen, and a more labile functional 
gioup by virtue of which precipitation takes place This functional group 
IS destroyed by heating at 58 to 60° C m the case of bacterioprecipitin, and 
at 70° C in case of milk piecipitin (Muller) and albumin precipitin (Eisen- 
berg) Precipitoid also develops as precipitin stands outside of the body 
In a mixture of precipitin and precipitoid the latter may have the greater 
affinity for precipitinogen in concentrated serum, therefore precipitoid 
might bind all available precipitinogen When dry, precipitin may be heated 
to 100° C for a half hour aa ithout damage, it is destroyed at 130° to 135° C 
Kraus and Eisenberg haA^e demonstrated the dexelopment of antimilk- 
piecipitm and Schutz of antiserumprecipitin 
When precipitin and precipitinogen are mixed, a precipitate develops 
The preeipitation is more rapid in case of animal precipitin and serum than 

* Blood Hnmunity and Blood Relationship, Cambridge, 1903 

VOL 2 — O 
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in case of bacteiial filtrates and bacteriopiecipitm In the latter instance 
the reaction becomes apparent usually aftei a few hours, first as a cloudiness, 
then flocculi appear which settle to the bottom as amoiplious masses, 
leaving a clear supernatant fluid The reaction is furtheied by a temperature 
of 37° C and acid reaction (Rostoski) Neisser and Friedberger have 
observed that the precipitation that occurs when eosm and bismarck brown 
are mixed — colloids of opposite electrical charge — presents certain analogies 
with serum precipitation Serum piecipitate contains albuminous bodies but 
IS insoluble in mineral salts, in sodic hydrate, and resists digestion Whether 
piecipitation occurs in the body or not seems to be doubtful, and fuithei in- 
vestigations are necessary on this point Recently it has been suggested 
that the evil effects observed aftei the injection of various therapeutic seia 
of animal origin are due at least in part to the formation of specific pre- 
cipitins and actual precijntates in the body but von Piiquet and Schiek 
have sho^^ n that theie is no relation between the formation of precipitms and 
the appearance of the serum disease 

As stated, bacteriojirecipitins are quite specific In the case of colon 
bacilli, immunization with one strain results in precipitms for related 
strains, but to a much less extent than for the homologous strain Norris 
found that sera of labbits immunized to four species of the colon-typhoid 
group precipitated filtrates of all the species of the colon-typhoid gioup 
tested, but more quickly and more copiously m case of the homologous 
filtrates, and m high dilutions only in the latter It is assumed that the 
filtrates contain diverse precipitinogens which on immunization give rise 
to numerous partial percipitms Serum precipitins are also specific, but on 
account of the variety of precipitinogens m a given serum the immune serum 
may contain a corresponding variety of precipitms, the specificness of Avhicli, 
hoAvever, is demonstrable by means of selective absorption (Ascoli) and by 
increasing dilutions 

Agglutinins and Agglutination —Gruber and Durham, while study- 
ing Pfeiffer’s phenomenon, were the first to observe tha agglutination is a 
specific reaction The reaction of agglutination was applied almost at once 
as an aid to the diagnosis of typhoid fever by Gi unbaum and by Widal Its 
use has extended to other infectious diseases as ivell as to the tentative identi- 
fication of bacteria suspected of causing infectious processes Othei objects 
besides bacteria are subject to agglutination, c (j , red blood corpuscles may 
be agglutinated not only by normal and immune' alien sera, but also by toxic 
substances of animal, plant, and bacteiial origin Certain bacteria also 
produce liaemagglutinins, and it is believed that ceitain thrombi observed m 
infectious diseases owe their origin to agglutinins derived from bacteria 
Human serum, howevci, contains agglutinins for the corpuscles of other 
individuals (iso-agglutinins) and it may be that at times auto-agglutimns 
develop 

Normal sera in general contain small quantities of various kinds of 
bacterio-agglutinins also, especially for the bacteria of tjqihoid fever, cholera, 
and dysentery, as well as for colon and pyocyaneus bacilli When a normal 
human serum has a relatively high agglutinating power against a given 
bacterium the possibility of a previous infection must be considered Im- 
mune as distinguished from normal agglutinins develop either in spon- 

'By immune in this case is meant the serum of an animal injected or immunized 
with the corpuscles of another species 
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taneous infections or as the lesult of artificial immunization by various 
pioceduies J McCrae found that the substances that induce agglutinins 
to form — the agglutinogens — pass through the vails of collodion sacs 
filled vith bacterial cultures and placed within the abdominal cavity of 
rabbits The pmvei to cause agglutinins to form in the animal body is 
possessed by bacteria in general, b^ut some have this power in higher degree 
than others The agglutmability also varies, the typhoid bacillus Avhen 
first isolated, for instance, is sometimes quite inagglutmable It folloiA^s that 
the agglutinogemc poiver may vary also 

The bacterial receptors that by their union with cell receptors give rise 
to agglutinins are called agglutinogens When attached to the bacteria they 
constitute the agglutmable substance so-called, ^ e , by uniting with them 
the agglutinins are able to cause the change in the bacterial cell by virtue of 
which clumping takes place There is evidence that the same bacterium may 
possess different agglutinogens and consequently give rise to different agglu- 
tinins Avhen m3ected into proper animals Theobald Smith and Reagh have 
shoAvn that motile bacilli may give rise to agglutinins that act upon the 
flagella, and others that act upon the bodies of the bacteria (flagellar and 
somatic agglutinins) Beyer and Reagh found the flagellar and somatic 
agglutinins and agglutmable substances of the hog-choleia bacillus may be 
difteientiated by heat Paik and Collins have studied especially the pio- 
duction of specific and non-specific agglutinins by the same bacteria 

Agglutinins, theoretically, are free animal-cell receptors analogous in 
structure to toxins, i e , provided ivith hvo atomic groups, one haptophore, 
Avhereby they unite with agglutinogens, and one zymophore, that causes the 
alteration in the bacterial cell upon Avhich agglutination depends By heating 
for some time between 60 and 80° C , by exposure to acids and alkalis, and 
by long standing, the zymophore group is lost and the agglutinin is trans- 
formed into agglutinoid Agglutmoid has the poiver to unite with agglu- 
tinogen and by so doing it can prevent agglutination by the subsequently 
added intact agglutinins Fresh serum may contain agglutinoids with 
stionger affinity for agglutinogen than agglutinin, and hence called pro- 
agglutinoids In such cases the presence of agglutinin may be revealed by 
diluting the serum highly so that the pro-agglutinoids no longer can influence 
the reaction Agglutinins withstand digestion ivith pepsin and papayotin, 
but not prolonged tryptic digestion When serum is dried and carefully 
preseived agglutinins remain intact for months and years In immunized 
animals agglutinins occui in greatest quantity in the blood, and this has led 
to the suggestion that they are produced by the leukocytes, they are present 
also m various body fluids, especially milk, and m organ extracts The 
power m different animals to form agglutinins varies, and the amount of 
agglutinin in the blood of the same patient or animal may alter considerably 
from day to day 

A good deal of ivork has been devoted to the relations between aggluti- 
nation and bacteriolysis, Avliich at one time Avere thought to be due to the 
same substances, but the idea that the specific agglutinins and bacteriolysms 
in immune serum are identical has lost all support — even that of its originator ' 
(Gruber) It has been found (1) that the serum of cholera and typhoid 
convalescents may be strongly bactericidal, while the agglutinating power is 
no more marked than in normal serum (Pfeiffer and IColle, Bordet), (2) 
that m certam cases immunized animals give only agglutinins and not 
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bactenolysms, (3) that immune serums may lose their bacteriolytic power 
but retain their agglutinatmg property, and vice versa, (4) that in immuni- 
zation the curves of agglutinating and bacteriolytic substances as they 
appear in the blood are by no means parallel (Park and Collins, Deutsch), 
(5) that the agglutinogens and lysogens in bacterial bodies may be different 
and separable by various means — c g , diftcient lesistance to high tempei- 
atuies (Defalle), precipitation (^Vassermann) 

As agglutination takes place the corresponding agglutinin is removed from 
the serum, free agglutinogens also bind agglutinin m a specific manner It 
IS consequently possible by means of selective absorption experiments to 
demonstrate the presence of more than one agglutinin in the same seium 

Immune serum may agglutinate organisms that are closely related to the 
homologous^ bacteiium The tyjihoid-tol on group furnish many examples 

of this "group agglutination, m which case it concerns the actual new for- 
mation of agglutinins for the lelated or heterologous oiganisms It is 
generally stated that the agglutinin for the homologous organisms is alv ays 
present m the largest quantity, and it is therefore spoken of as the chief 
agglutinin, while the weaker agglutinins for the heterologous organisms aie 
called partial or adventitious or common agglutinins Park and Collins 
have shown, however, that if immunization is continued for a long time the 
relative amounts of specific and non-specific or common agglutinins may 
vary from tune to time, and that the common agglutinins may equal oi 
exceed the specific in amount Undoubtedly many conflicting statements in 
regard to the agglutin ability of closely related bacterial species are due to 
the belief that the specific always exceed eommon agglutinins in relative 
strength Durham offers the follow'ing explanation of gioup agglutination 
wdiich shows that this phenomenon does not necessarily go contrary to the 
specificness of agglutmation by immune serum "The typhoid bacillus 
contains certain constituents, agglutin ogenic molecules, wdiich one may 
designate as a, b, c, d, and e, these differ among themselves in unlcnoivn 
respects, but each is able to stimulate the formation of a corresponding 
agglutinin The serum, then, ivould have the agglutinin molecules A, B, C, 
D, and E, also differing among themselves, but having at least one property 
m common — that of causing agglutination of the typhoid baeillus by uniting 
with their corresponding agglutmogenic molecules In this sense nothing 
could be moie specific Bacillus entcriditis, closely related to the typhoid 
organism, may possess the agglutmogenic molecules c, d, e, f, g, and h, and 
follownng the principle expressed above w'ould stimulate, m the body, to the 
formation of agglutinin molecules, C, D, E, F, G, and li Inasmuch as the 
agglutinogens c, d, e, are common to the t\sm bacilli, the agglutinins C, D, and 
E w'ould effect either of the two organisms The typhoid serum would con- 
tain five agglutinins for the typhoid serum and only three foi Bacillus 
enteriditis, consequently the action Avould be strongei affainst the typhoid 
bacillus ” It is a general rule that the agglutinins, specific as Avell as com- 
mon, set free by one bacteiial species, may be removed from the serum by 
adding sufficient quantities of that species Other bacteria Avould remove 
those common agglutinins for which they present the proper affinitv 
• At first, agglutination w^as regarded as the result of an abnormal viscidity 
of the bacteria (Gruber and others) or as due to the formation of a sticky 

^By homologous is meant the bacterium used for immunization of the animals 
furnishing the serum 
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piecipitate upon them (Paltauf), but lately, Bordet’s conception of agglu- 
tination as similar in natuie to the precipitation of colloid suspensions has 
received stiong suppoit, especially from the work of Bechhold, Neisser and 
Friedemann, and Landsteiner ^ Agglutination occuis after agglutinin has 
combined with the bacteria^ (foiming the so-called agglutmin-bacteria) 
which becomes clumped and settle down, provided salt is present (Joos) 
It is believed that the same laws govern agglutination of bacteiia as govern 
niecipitation of colloids and other pai tides (kaolin, mastic) in suspension 
Like colloid and other particles, bacteria behave like negatively charged 
pai tides in electrical currents m that they migrate to the positive pole Now 
the powei of a salt to precipitate colloids or agglutinate bacteiia has been 
shovn to depend (1) on the degiee of its electrolytic dissociation, (2) on the 
valency of its cation, (3) on the speed of migration of the cation, and (4) its 
decomposition tension “The higher the valency of the cation and the lower 
its decomposition tension the greater, in general, is its power to piecipitate 
colloids and bacterial suspensions H-ions form a striking exception to this 
lule, presumably on account of their high speed of migiation Sodium, foi 
instance, has a high decomposition tension, and its valency is low, and in 
agreement v ith this it has been found that its salt, NaCl, precipitates colloids 
only when used m high concentrations, and does not agglutinate bacteiia at 
all, unless they have previously been acted upon by agglutinin That is, 
agglutmm-bacteiia are more susceptible to the action of NaCl than untreated 
bacteria On the other hand, salts of metals with a high valency and a low 
decomposition tension, as AI2 (804)3, precipitate untreated bacteria when 
only small quantities of salt aie added ” The cation, being positively 
charged, attiacts bacteria or othei particles and neutralizes their electrical 
charges with the formation of clumps that fall out of suspension (Bilhtzei) 
Now the role of agglutinin appears to be to reduce the amount of negative 
electricity the bacteria cany and thus to render the bacteria more susceptible 
to the clumping action of the salts present in the fluids All salts clump 
agglutmin-bacteria more readily than they do normal bacteria The 
mechanism of specific precipitation is regaided as identical, only the particles 
aie smaller Agglutination and precipitation depend, then, upon the action 
of salts upon the electrical charges that keep the particles suspended 

^Landsteiner and v Esler, Centralbl f Bakt 1, Abt , Ong , 1905, XXXIX, 309 

^The various conceptions concerning this union are discussed by Craw, Jow nal 
of Hygiene, 1905, v, 113 
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TYPHOID FEVER 
B\ THOMAS McCRAE, M D 

“Typhoid fever %s a Protean disease, whether considered in its clinical, 
its pathological or its bacteriological aspects ” — FLrxNEu 

Introduction — ^Typhoid fever is a general infection nitli the bacillus 
typhosus characterized especially by involvement of the hunphoid tissues, 
usually by hyperplasia and ulceration of Peyer’s patches, enlargement of 
the spleen and parenchjunatous changes in certain other organs There is 
no uniformity in the name given to it in various languages While there 
may be objections to the name “typhoid,” yet tins is so himly established 
that usage has sanctioned it and there is no confusion from it As has been 
pointed out, we designate the causal organism as the Bacillus typhosus 
In Great Britain the term “enteric fever” is in common use 

There is no disease with a more interesting history Long confused ■nith 
tJTihus fever, the distinction brought about slowly, it stands as an example 
of the difficulties wdiicli may attend the recognition of a disease The view's 
as to its nature have gradually changed For a time regal ded especially 
as a disease of the intestines, later W'e learned that it W'as primarily a general 
infection wuth secondary intestinal lesions Then it w'as found that in 
some instances there W'as an absence of intestinal lesions, and that other 
oiganisms than the B typhosus, although closely related, caused similar 
lesions Local infections w'ere proved to be possible wuthout a general 
infection In some instances the disease occurred as a terminal infection 
without any intestinal lesions 

In the explanation of the symptoms w'e have gone through different stages 
Before the causal organism was discovered, the features of the disease ivere 
supposed to be principally due to changes occurring in the body of the 
patient After the discovery of the causal bacillus, the specific infection 
and its results were held to be the most important, but as Ewung has pointed 
out, W'e may have given too little attention of late to the body itself As 
he has emphasized, while the action of the bacillus and its products are 
important, yet much may be due to changes in the tissue cells of the body 
After these have been injured or killed by the specific organism they W'lll 
give rise to certain derivatives w'hich are injurious in themselves and also 
appear to have an accumulative action An analogy is suggested in some 
forms of acute yellow atrophy of the liver and also possibly in some of the 
cases of severe toxaemia in pregnancy There are also suggestive findings in 
regard to the metabolism in typhoid fever In many instances there are two 
marked changes (o) a great increase in the urea nitrogen of the urine and 
(b) an increase in the ammonia and amido-acid nitrogen It has been 
found that in some cases these are comparable to conditions in diabetes, leu- 
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kfemia and grave jaundice The lesions found in the liver also support 
this view, especially as in some instances alterations like those found in acute 
yellow atrophy have been described These suggest that changes in the 
body cells may be responsible for many of the symptoms and this may apply 
especially to the patients who die late in the disease with seveie toxiemia 

As regards the bacillus, its toxins, the question of immunity, the explana- 
tion of relapse and other problems, there is much to learn The length of 
time during which bacilli may live in the body after recoveiy from the 
disease shows that recovery from the disease does not necessarily mean 
the destruction of all the bacilli in the body As regards the bactericidal 
power of the blood there are many doubtful points, thus relapses occur 
V hen this is very high or we may find very severe infections without many 
bacilli being found in the circulating blood 

The stamping-out of tjqihoid fever is one of the great tasks before the 
profession of this country A disease now more of ruial communities than 
of cities, its control offers many difficulties In 1900 there were 35,379 
deaths from typhoid fever in the United States From 1900 to 1904 in the 
registration areas of the United States the death-rate was 33 S per 100,000 
of population This was only exceeded by the mortality in Italy, was more 
than double the rate in England, and about three times that of Germany 
The story is such an old one that little attention is paid to it We of the 
profession shrug our shoulders and n onder at the apathy of the civic author- 
ities Are we guiltless ^ Every patient with typhoid fever means infec- 
tion from a previous one If thorough disinfection was carried out in every 
case of tjqihoid fever this year, and the same next year, what a decrease 
there would be in the incidence of the disease Disinfection is often in the 
hands of people who do not realize the importance of its being thoiough 
and it is no easy task for the physician to see that it is carried out Too 
often he does not realize his own responsibility and is thoroughly satisfied 
if he brings the patient well through the attack, heedless of the danger to 
the community 

We are utterly illogical m our attitude to typhoid fever We consider 
an ounce of cure worth many pounds of prevention Nature is “careful 
of the type, careless of the single life,” but we reverse her methods A 
community is exposed to infection year after year and little is done for the 
many, but for the individual with the disease, hospitals, physicians and nurses 
work day and night Think of the labor expended on one hundred patients 
to save the ten who are kept from death by care How much better to 
remove the necessity of it ' 

From the mere side of the cost to the community, typhoid fever is impoit- 
ant Estimates may vary as to the value of the 35,000 people who die m 
the United States every year from typhoid fever To be added to this is 
the cost of the illness of the 350,000 patients who recovered To do this 
v ith accuracy is difficult but it is evident that the money cost of the disease 
is enormous It has been estimated that tj-phoid fever m the South Afiican 
Wai was directly responsible for an outlay of four million pounds It is 
possible that the cost may bring home the seriousness of the problem to 
certain minds more forcibly than any statement regarding the number of 
deaths 

While tjTihoid fever with its great vanety of symptoms has perhaps the 
first place in clinical inteiest for us, yet it is to its prevention that we must 
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devote the greatest attention Perhaps nothing would aid this so much as 
improvement in the administration of the health boaids through the countiy 
It should be possible whenever an outbreak of typhoid fever occurs to imme- 
diately have an efficient sanitary authority with pi oper equipment take charge 
of the situation If a state would establish such a bureau, get a good man 
at the head of it and give him sufficient powers, the occurrence of typhoid 
lever in that state would rapidly diminish 


HISTORICAL 

“Of no other dt'iease can wc read as full a history from American 
sources alone ” — OsLi a 

There have been fevers associated uith delirium from the daj^s of antiquity 
but it IS not possible to recogniye in the -writings of Hippociates or Galen 
exact desciiptions which enable us to distinguish the different diseases 
which they grouped together, although certain enthusiastic w liters believe 
that we can Typhus and typhoid fevers, the plague, and peihaps relaps- 
ing and malarial levers w'ere grouped together The disease descnbed as 
“hemitntJEUs” was probably typhoid fevei in many instances The 
decrease in the “plagues” which visited Rome after the introduction of 
a system of w^ater-supply and drainage suggests that some of these epidemics 
may have been typhoid fever 

While there are descriptions at earlier times w hich may be of tjqihoid 
fever, the history of its recognition really dates from the seventeenth century 
The greatest difficulty w^as in the separation of typhus from typhoid fever, 
the malarial fevers, plague and relapsing fe-ver weie dillcientiated at an 
earhei period There are records of doubtful cases by Spigehus and 
Bartholin, but there seems no doubt of the identity of the disease descnbed 
by Wilhs ^ He gives an account of an epidemic in 1643 among the tioops 
fighting in the Civil War Both armies sulleied and the Royalists cairied 
the infection wuth them to Oxford A most interesting and complete 
account is given of a house epidemic in which five members of one family 
were attacked, one after the other, dunng a period of foui months Two 
of the five died Among the features he described weie headache, nose 
bleed, delirium, an eruption like flea bites, diarrhoea, abdominal distension, 
intestinal hemorrhage, incontinence of urine and feces, emaciation in pro- 
longed attacks, the long course and the slow'^ recovery wuthout crisis or the 
gradual progress to a fatal issue He also noted that the outlook w^as 
grave in fat patients In the Instoiy of one patient he describes wdiat was 
probably an instance of death from perforation, — ^“pains and torments 
cruelly infected his belly, that crying out and moaning night and day, he 
sent forth most heavy complaints, his hypochondria and abdomen were 
tumid like a tympany and mightily distended ” He made the observation 
that the contagion of this disease w^as slow but that gradually a household 
or a community might be infected, and mentions that some of those nuising 
the patients contracted the disease after a time He appears to have clearly 
separated typhoid fever from the plague and typhus fevei and appreciated 

’Willis, De Fehribus, Chap XIV, “De Febribus Pestilentibus, ac Malignis in 
Specie, Aliisque Epidemicis”, and Chap XVII, “De Febribus Epidemicis ” 
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in a remarkable way many of the clinical manifestations and the features 
of epidemies It seems that to Wilhs belongs the credit of the first accurate 
separation of the disease on clinical grounds Sydenham describes a disease 
which was probably typhoid fever but makes no mention of an autopsy 
Baghvi w'rote of it under the name of “Febris mesenterica, ” a name given 
on account of the lesions in the intestine and the sw^elhng in the mesenteric 
glands Lancisi noted perforation of the bowel in some cases, W'hile 
Hoffman in an epidemic in Halle in 1699 and again in 1728 apparently 
separated it from typhus fever, noted some of the clinical features and the 
ulceration of the bow'el in fatal cases He gave it the name of “Febris 
petechizans vel spuria ” Panarohs in Italy described a disease Avhich w^as 
evidently typhoid fever 

In the eighteenth centuiy there W'ere numeious observers wdio noted many 
of the essential features of typhoid fever In the first half of the century 
Strother in England and Gilchrist in Scotland described a disease char- 
acterized by ulceration of the bow'el and enlargement of the spleen which 
they termed “slow or slow nervous fever ” Hu\ham of Plymouth in 1737 
drew" a sharp distinction betw^een the slow' nervous fever (typhoid) and the 
putrid malignant petechial fever (typhus) Manningham in England held 
much the same view s as Huxham and separated the disease undei the term 
of “Febiicula ” In England about the middle of the centuiy there seems 
to have been a common recognition of this type of “intestinal fevei,” but 
w'hether it was definitely separated from typhus fever is doubtful and it w as 
probably regarded as only a variety of the continued fevers If the profes- 
sion in Great Britain had paid less attention to the waitings of antiquity and 
more to those of Willis, the matter might have been decided much eailiei 
than it was, but it is evident that clinical obseivations without postmoitem 
examinations could not do this or certainty did not In Germany in 1748, 
Riedel described the disease under the title of “Darmfieber ” Roderei 
and Wagler studied an epidemic in Gottingen from 1757 to 1762, wdiich they 
discussed undei the title “de moibo mucoso,” and from their autopsy 
descriptions there can be no doubt that this w'as tj'phoid fever The 
accounts of epidemics in Italy during the latter half of this century are 
W'ltnout doubt of this disease Morgangi described a case in considerable 
detail, noting the ulceration and perforation of the intestine as w'ell as the 
swelling of the mesenteric glands and spleen The principal fact established 
dunng this century w'as that a certain group of the cases wuth continued 
fever W'as characterized by intestinal lesions, but wdiile the nature of these 
anatomical lesions w'as recognized there w'as no deal distinction betw'een 
typhus and typhoid fevers, although the tw'o types of “slow' nervous” and 
“malignant” fever w'ere separated It is interesting to note that John 
Hunter had tw'o specimens showing the characteristic intestinal lesions 
It w'as m France that the first great advance W'as made, largely thiough 
the more careful study of pathological anatomy, and early m the nineteenth 
century there w'ere many important observations Frost (1804) noted the 
characteristic intestinal lesions w'hicli Broussais designated as “Gastro- 
Ent6rite” but they did not distinguish them from the conditions found in 
ententis Petit and Serres in 1817 described the ulcers in the intestines as 
specific and analogous to the lesions of smallpox, regaiding them as an 
internal exanthem They used the teim “Fi5vre mesent6rique” and held 
that this W'as a definite disease Bretonneau, W'ho studied an epidemic in 
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Tours, suggested the name “Dothienent6rite,” "i^hlcll has been extensuely 
used in France He recognized that the Peyer’s patches and sohtaiy 
follicles were speeially involved Trousseau and Velpeau studied under 
Bretonneau, and when they went to Pans carried his viev s with them In 
1829 the work of Louis appeared, in ivliich the features of the disease v ere 
deseribed, the constancy of the lesion shown and the term “Fievre typhoide” 
suggested It is doubtful if Louis himself regarded the disease -which he 
described as typhoid fever as m any -w ay different from the disease in other 
parts of Europe, which in many instances was typhus fei er The general 
opinion was that the disease associated with lesions in the bou el v as only 
a variety of the common continued fever At this time the prevailing con- 
tinued fever in Fiance was typhoid fc%cr, -while in England t 3 'phus and 
typhoid fever co-existed The French writers, seeing only the one disease, 
thought that characteiistic intestinal lesions i\ould be found in all cases of 
the disease known as putrid fever, jail fever, etc (t-yTihus), but this was found 
not to be the case and naturally much difference of opinion resulted The 
French and English phj'sicians were discussing two distinct diseases under 
the same name Looking back it can be seen that v heie the observer had 
the opportunity of seeing t-yphoid fever alone he arrived at fairlj’^ clear i ie\i s 
of its essential features, but where the tivo diseases were prevalent there 
was much confusion and the intestinal lesions -were regarded as being present 
occasionally in some of the cases About the same time some -writeis 
grouped these various fevers under the term "Krankheitsfamihe Tj^ihus,” 
which can not have aided the solution of the difficulty 

In Pans at this time theie was an epidemic of tj’phoid fever vhicli was 
carefully studied by Louis Among his students ivas W W Gerhard of 
Philadelphia, who thus had excellent opportunities for the observation of 
the disease On his leturn home he recognized the continued fever then 
prevalent in Philadelphia as identical ivith the typhoid fever of Louis ivhich 
he had seen in Pans In 1835^ Gerhard reported these observations, but 
from his paper it is doubtful if he had a clear idea at that time of the dis- 
tinction between typhus and t'y'phoid fevers He recognized that in the 
disease under observation there ivere intestinal lesions and that it ivas the 
same that he had seen with Louis in Pans However the oppoitunities of 
the next year put the matter beyond doubt, for in 1836 there was an epidemic 
of typhus fever in Philadelphia, and as Still6 says of Gerhard, “he may be 
said to have been the first to meet the tw o diseases face to face w ith a full 
acquaintance of one of them and a daily inci easing knoivledge of the other ” 
In the report of this epidemic, published in 1837,^ he sets out very clearly 
the distinction betiveen the two diseases as -well as their differentiation from 
malarial fever This paper should be read by ever}' student of the disease, 
for it IS the first in which typhus and typhoid fevers arc clearly distinguished 
and thoioughly contrasted 

To other American students much credit is due for the spread of these 
opinions Alfred Still6 had Avorked under Gerhard in Philadelphia duiing 
the typhus epidemic of 1836 and afterw'ard Avent to Pans, Avhere he studied 
typhoid fever under Louis In London, Edinbuigh, Dublin and Naples, 
he saw tj'phus fever and thus had an excellent opportunity to appreciate 
the differences betAveen the tA\'o diseases In 1838 he lead a papci before 


‘ The American Journal of the Medical Sciences, 1835 and 1837 
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the Medical Society of Observation of Pans entitled, “Table of Comparison 
between Typhus and Typhoid Fevers,” which was not published at the 
time but has been brought out recently in the Umveisity of Pennsylvania 
Medical Bulletin for 1904 Another Amencan student of Louis was G C 
Shattuck of Boston, who, familiar wuth typhoid fever in Pans, w^ent to 
London and immediately recogmzed that there were two distinct diseases 
there which were not separated by the English physicians He also pre- 
sented his conclusions before the Society in Pans It seems altogether 
probable that these papers of Still6 and Shattuck had considerable influence 
on French opinion In Boston, James Jackson, Jr , after his return from 
Pans, had shovn the identity of the common continued fevei there with 
the typhoid of Louis Papers on typhoid fever were published in Boston 
in 1838 and 1839 by James Jackson, Sr , and Enoch Hale It is worthy 
of mention that in 1824 Nathan Smith published a description of typhoid 
fever He did not distinguish between the two diseases for he evidently 
saw only one, but his description stands as one of the classics of Amencan 
medicine and is one of the best early accounts of the disease It should be 
read by everyone interested in typhoid fever He refers to the fact that the 
disease appeared in New England very soon after the fiist settlements 
The new views gained acceptance rapidly and the clear distinction 
between typhus and typhoid fevers was earlier and more generally recog- 
mzed m the United States than in any other countiy Elisha Bartlett in 
1842 published the first treatise m -which the two diseases were discussed 
separately In Britain about this time very confused views were held, for 
the two fevers were prevalent and the intestinal lesions were regarded as 
accidental occurrences in certain of the cases Bright in 1827 very cleaily 
described the morbid anatomy of the bowel lesions, but there is no proof 
that he had a definite idea of the distinction between the two diseases He 
protested against the treatment of the continued fevers by purging Their 
non-identity was first established in Britain by Stewart, who studied typhoid 
fever in Glasgow in 1836-38 and published his obseivations in 1840, pre- 
sented as a communication before the Parisian Medical Society It was 
really not until the work of Jenner in 1849-51 that the question v as settled 
m England The old ideas died slowly and the lush physicians especially 
held tenaciousN to the view of the identity of the fevers even as late as 1861 
Meanwhile Schonlein in 1839 proposed the name “Typhus abdomin- 
ahs,” which has been so extensively used in Germany for typhoid fever, 
and “Typhus exanthem aticus” for typhus fever Louis m 1841, in the 
second edition of his work, emphasized the non-identity of the two diseases 
From 1840 to 1850 there were many students of the disease, and Grie- 
singer in Germany, with Murchison and Jenner in England, did much to 
spread the new doctrines Murchison designated the disease “pythogemc 
fever” but fortunately this Avas not generally accepted, as it involved 
erroneous -views as to the etiology Wilks suggested the term “enteric 
fever” or “entenca,” which has been Avidely adopted m Great Bntam 
After the identity of the disease was established there were many theories 
as to the mode of infection It would have been strange if during the time 
that tjqihoid fever was confused with other diseases tnere had been any 
clear ideas as to its etiology After its separation as a distinet disease, 
explanations for its spread were immediately sought, and some of these 
contained a certain amount of truth, although partly based on erroneous 
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ideas It was early noted that there was comparatively slight danger of 
direct infection from the patients with tj’phoid fever, although instances 
of house and hospital infection weie observed These led some of the French 
clinicians to consider that the disease was capable of transmission through 
the air or by direct contagion, and although the reasons which led to this 
view were not coirect, yet, as we have learned recently, to some extent their 
conclusions were right But at that time by far the greatei number of 
authorities considered that the important factor in the transmission of the 
disease was some process of decomposition or putrefaction, while some held 
that under these conditions the disease might anse dc novo hlurchison 
was one of the first to suggest that the contagion v as carried by the faeces, 
but this he regarded as occurring after putrefaction of the excreta, and then 
water, food or air might be contaminated and infeetion lesult hluch 
importanee was attached to impure air or sev er gas as a source of infection, 
an idea which is still strongly held in some quarters While many of these 
ideas were wrong, yet in the mam they v ere correet in eonsidenng that the 
chief source of infection was in the discharges from the patient 

The man who first published cleai vievs as to the mode of infection was 
Budd of Bristol, whose papers are in the Lancet (1856-60) He believed 
that the infective agent was in the stools of the typhoid fever patient and 
that the disease nevei arose spontaneously but always from a specific souice 
He held that a preiious focus w'as necessary before a neighborhood could 
be infected and by the study of many epidemics recognized the result of the 
mtioduction of infection into a community and noted tlnat a few^ straggling 
cases at first might be follow^ed by a larger outbieak He considered that 
a minimal amount of the infective material w^as able to convey the disease, 
and arguing from these beliefs he put forwxaid the Mew that the possibility 
of infection could be prevented if the stools were thoroughly disinfected 
His view^s are essentially correct, and Budd may be regarded as the first 
to recognize the leading points in the transmission of the disease But the 
ideas as to the influence of decomposition and local conditions w^ere fiimly 
fixed, and the endemic occurrence of the disease, its persistence in some 
localities and its association wnth defecti\e drainage, all fixed men’s minds 
on the soil and not on the patient as the source of infection This W'as 
specially developed, as regards one condition of the soil, m the "giound 
w^ater” theory of Buhl and Pettenkofer (1865-68) They considered that 
a definite association existed between the height of the ground water and 
the prevalence of typhoid fever When the ground water was low’^ typhoid 
fever w'as prevalent Their conclusions w'ere based largely on local con- 
ditions m Munich and failed to take account of other factors This theory 
was wndely accepted, especially m Germany, and with it other ideas became 
associated The infective agent was thought to undergo some change in 
the ground and its conveyance to be frequently through the air These 
view’s, how’ever, did not obtam universal acceptance and W’ere strongly 
opposed by Liebermeister 

In 1880 Eberth discovered the specifie cause of the disease, and Gaffky 
a few’ years later extended the knowledge of the special moiphology of the 
B typhosus Although neither of these observers w’as able to produce the 
disease expenmentally, yet the organism w’as accepted as the cause of 
typhoid fever After the recognition of the bacillus our know’ledge of many 
pomts connected w’lth the mode of mfection and of certain features of the 
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disease increased lapidly The discovery of the agglutination reactions 
opened a wide field foi research and in 1895, following the work of Pfeiffer, 
Gruber, Durham and Grunbaum, the leaction was specially brought mto 
clinical application by Widal 


ETIOLOGY 

“The effect of what are usually regarded as the most common exciting 
causes of many forms of disease is not very obvious in the 'production 
of typhoid fever “ — Elisha Bartlet 

The typhoid bacillus is the essential cause of the disease, but the means by 
■which it gains admittance to the bodj’^ aie very various These “interme- 
diary bodies,” however, are only carriers, for the bacillus is dependent on 
man for its existence, and although it maj' live for a time m water or on var- 
ious articles, yet its life m such situations is comparatively short Man is 
the cause of the continuance of the disease but there are many factors which 
influence the conveyance of bacilli from one individual to another 

Geographical — Typhoid fever IS one of the most widespread of the 
infectious diseases It occuis in the tropics and m far northern and southern 
latitudes, at sea-level and m the mountains, m the city and m the country, 
and practically wherever man may go and local conditions do not prevent 
the dissemination of the disease The B typhosus has about the same 
limits of latitude and longitude as man himself, and no countiy or race is 
knoivn to be immune from the disease The character of the water-supply 
and the means of disposal of excreta must be regarded as the most important 
factors which influence the occurrence of the disease m communities, while 
filth, bad hygienic conditions and overcrowding have a certain effect When 
men are living together under unusual conditions, such as an army m the 
field, other factois appear and have an important influence But under 
any conditions or climate the essential thmg v Inch governs the occurrence 
of the disease is the method in which the excreta are disposed Given the 
oecurrence of typhoid fever other factors become active, but as a rule the 
statement stands that “the histoiy of this disease justifies us m stating that 
wherever and whenever men congregate and live together without adequate 
provision for disposing of their exciemeirt, there and then typhoid fever 
will appear ” 

The careful study of the bacillus and of the causes of epidemics has 
greatly increased our knowledge of the influences at work m the spread of 
the disease, and we owe much to recent wais for extending our mformation 
on many points In this connection the report of the Commission for the 
Study of Typhoid Fever m the Spanish-American War (Reed, Vaughan and 
Shakespeare) is especially valuable and is one of the best contributions to 
our knowledge of the disease The importance of mcreasmg our knowledge 
of the conditions vliicli have determined epidemics is very great The 
souree of many infections has been properly determined, m many cases 
this IS too late to be of much use as legards that particular outbreak and 
unfoitunately as a people we seem rarely able to improve the future by the 
lessons of the past 

There may be marked differences m the character of the disease m a 
community from one year to another It has long been noted that a new- 
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comer, if he contracts the disease, is likely to have a more severe attack 
than the average of the residents This is especially true in cities, and 
Trousseau laid emphasis on it m Pans The patients at the beginning of 
an epidemie may show marked differences in the severity of the attacks 
from tliose seen subsequently 

Typhoid fever differs m its method of spread from the acute infectious 
diseases It does not extend over a continent as influenza, nor does it 
strike the majority of those exposed to it as smallpox or measles in an 
unprotected community It tiavels in a more insidious manner, as shown 
in an epidemic described by Briggs One man visits Pittsburg and contracts 
the disease He returns to an eastern town and m a few days comes down 
with a typical attack, being ill from January 26 to March 4 From his 
excreta the local water-supply is infected and 45 cases result The dis- 
tance from Pittsburg was gieat in miles but measured by geneiations of 
typhoid bacilli the interval was small The disease may be contracted in 
Europe and carried to the United States during the attack itself, or if we 
consider the length of time during ivliich typhoid bacilli may remain in the 
urine, it is no exaggeration to say that a man may scatter infection around 
the world 

Fulton has shoum that typhoid fever in the United States is a disease 
more prevalent in rural communities than in cities The census of 1900 
showed that in the registration areas the mortality per 100,000 population 
was slightly greater in the rural districts than m the cities (25 5 to 25 3) 
Rural typhoid was credited with 62 and urban typhoid with 38 in every 
1,000 deaths “Typhoid mortality rises as population density decreases, 
down to a population of 50 per square mile” (Fulton) He quotes Mary- 
land as an example, which has one large city compnsing about half the 
population of the state, and yet the ratio of typhoid mortality is 1 to 2 5 in 
favor of Baltimore, although its water-supply is unfiltered and obtained 
from an unprotected watershed This rural frequency is impoitant for 
dwellers m cities The water- and milk-supply, as well as many articles 
of food, are derived from the country There is a constant going and 
coming between the city and country An infected city may spread infec- 
tion far and wide through the country, while from the country there may be 
a steady stream of infected persons into the city This is well seen in 
Baltimore, where many persons contract the disease by drinking the water 
of small villages in the surrounding country 
War — As has been said, an army has two foes — “bacilli and men,” 
and of these the former is by far the more dangerous It is not possible 
to recognize with any certainty the nature of epidemics which visited 
armies earlier than the latter half of the nineteenth century, but some of 
the accounts suggest typhoid fever Thus in the Civil War in England 
the descriptions are usually regarded as of this disease In the campaigns 
in the Netherlands there was much sickness from a fever which Avas preva- 
lent among the natives m the autumn In the Avars of the last fifty years 
typhoid fever has played an important role In the American Civil War 
there Avere in the northern army 75,361 cases among the AA’^hite troops Avitli 
27,056 deaths, and 4,094 cases among the colored troops with 2,280 deaths, 
AAhile the large percentage of deaths suggests that there Avere probably 
many more cases of the disease than Avere recognized In the Franco- 
Prussiaii War of 1870-71, among the German troops there Avere 73,396 
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cases of typhoid fever with 8,789 deaths, which comprised 60 per cent of 
the total mortality The mcidence m proportion to strength in the German 
aimy was very high Theie was typhoid fever m every corps of the army 
at the beginning of the war and two factors influenced the prevalence of 
the disease, — the troops carried infection with them and were campaigning 
in a country m which typhoid fever was common In the Spanish- American 
War the highest incidence of typhoid fever was among the troops who never 
left the United States Among 107,973 men there were 20,738 who had 
typhoid fever, v ith 1,580 deaths, a rate of 14 6 per 1,000 of mean strength 
It was fomid that 90 per cent of the volunteer regiments had men with 
typhoid fever within eight weeks after going into camp and that epidemics 
were as marked m the North as in the South With the ordinary incidence 
of the disease, any body of 1,000 men taken from private life and kept 
together for two months will have one or two cases, while the number of 
subsequent cases m any corps varies with the method of the disposal of 
the excreta 

In the South-African War,^ the British Army had 31,118 cases of typhoid 
fever with 5,877 deaths There were 7,582 deaths from wounds and 5,149 
from other diseases While infection may have been carried by the troops m 
some cases yet the chief source as froili the Boers At Paardeberg they 
contaminated the water-supply and the Biitish troops became infected In 
a few days they reached Bloemfontein where a large army w'as collected, 
the troops were crow'ded together and the element of jiersonal contact, 
shown to be so important in the Spanish-American War, began to operate 
From Bloemfontem the tioops marched to Pretoria and w^ere then scattered 
to various districts Thus the disease was carried in every direction, there 
w'as constant meeting and re-meeting of regiments, and the same camping 
giounds w^ere used for successive corps Frequently the troops camped 
on farms where there had been typhoid fever Added to these factors w'ere 
the local conditions, especially as regards the W'ater-supply and sand The 
country bemg poorly supplied W'lth water the population lived near the 
streams, and surface wmter wms often all that wms available Dust and sand 
were perfect plagues and must have been one means by wdiich typhoid 
bacilli got into the food and drink Flies also were numerous and doubt- 
less played an important part 

The importance of the “ auto-mfection ” — if the term may be used — of an 
army wnth typhoid fever is w’ell brought out by the results of many cam- 
paigns Thus m the Afghan War of 1878-80, the British troops brought the 
disease wuth them from infected areas in India, and it was carried to local- 
ities w'here previously it wms unknowm In the Suakim expedition of 1885, 
all the dnnkmg wmter was distilled, yet they had typhoid fever, probably 
cairied by one infected regiment In the Egyptian War of 1882, certain 
regiments earned the disease with them, w'hile other regiments, wEich entered 
the same campaign free from typhoid fever, escaped, despite the fact that 
they drank bad w^ater In the Chitral campaign of 1895, typhoid fever w as 
earned in by the troops There w’^as a marked difference m the occurrence 
of the disease among the privates and officers, the latter escaping almost 
entirely The men wmre much more crow^ded together, the close contact 
favonng infection, and this is thought to have explained the relative im- 
munity of the officers 

'The published figures vary slightly, the official returns are not yet available 
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It IS evident that the problem of etiology differs somewhat in civil and 
military life There are several factors m this (a) The greater difficulty 
in disposal of the excreta Only those who have handled men in camps 
know the difficulty of making them observe sanitary regulations, either 
defective or perfect This, and the difficulty of disposing of excreta, lead 
to infection in vanous wa 3 ^s, as the water-supply may be contaminated, the 
bacilli blovn about with dust or carried by flies (b) The close contact of 
men crow ded together m tents favors direct infection, while clothing, blankets 
and tents may all become soiled and contaminated The influence of camp 
life on troops who had a good water-supply vas well shown at Jacksonville, 
Ploiida, in the fall of 1898 There were about 30,000 people in the city 
with very few cases of typhoid fever, w'hile among the troops near by, with 
the same water-supply, the disease was very prevalent 

Season — As a rule the disease shows a fairly uniform relation to the 
time of the year, in Europe and America being most prevalent in the autumn 
months Of the 1,500 cases of this series,^ 840 (56 per cent ) were admitted 
in the months of August, September and October The disease usually 
persists on into the m inter months, wnth a decrease after December, the 
smallest numbei of cases occurring dunng the spring months But in the 
majoiity of the American cities there is a certain prevalence throughout the 
yeai, no month being vithout a few cases Epidemics may occui at any 
season if there be infection of the water-supply, and in some instances this 
has happened early m the spring from bacilli bemg earned into streams 
01 reservoirs with the melting of the snow 

It does not seem that w'e have any satisfactory explanation for this seasonal 
variation It is so general and occurs apart from local conditions with 
such regularity, that some condition associated wnth the development of 
the typhoid bacillus must be concerned The disease is likely to be espe- 
cially prevalent in hot and dry seasons, but the contrary is not necessarily 
true It may be that the state of the ground water has some influence, as 
wdien this is low' the sources of the water-supply are more likely to drain a 
wider area and thus the chances of infection be greater This probably 
applies especially to rural districts It may be that in dry seasons there is 
more possibility of the bacilli bemg earned about with dust There is also 
a great increase in the number of persons who are exposed to infection 
durmg the summer months People from the cities spend their vacations 
m the countiy wdiere there is usually much more chance of infection 

Sex — There does not seem any reason wdiy one sex should be more 
subject to the disease, unless the more active life of men gives gi eater chances 
of infection, but almost all hospital statistics show' a larger proportion of 
males In this senes, 1,062 w'ere males and 438 females (2 4 to 1), the 
usual ratio of admissions in the whole clime being about 5 males to 4 females 
It IS easy to understand w'hy females should ahvays be fewer m hospital 
statistics, yet even m statistics of the disease in childhood, there is usually 
a preponderance of males 

Age — The disease is one especially of youth and early adult life and 
in this senes the incidence was 

‘This article is based on the experience of the Johns Hopkins Hospital series of 
1,500 cases and 105 autopsies 



TYPHOID FEVER 


81 


Under one year 
1 to 15 years 
15 to 20 years 
20 to 30 years 
30 to 40 years 
40 to 50 years 
50 to 60 years 
60 to 70 years 


Niunber 

2 

231 

253 

680 

227 

88 

8 

11 


Per Cent 
0 013 
15 
17 
45 
15 
6 

0 5 
0 7 


Among 19,586 cases m the London Fever Hospitals from 1871 to 1904 the 
distnbution was Under 5 years, 3 4 per cent , 5 to 10, 13 per cent , 10 to 
20, 41 per cent , 20 to 30, 26 per cent , 30 to 40, 116 per cent , 40 to 50, 
4 per cent , 50 to 60, 0 8 per cent , and over 60, 0 2 per eent During the 
first year of life the disease is rare, and there is then a gradual increase up 
to about the fifteenth year, from which age up to foity the disease is most 
prevalent After forty the number gradually diminishes but it is by no 
means infrequent even in old age 

Constitution and Mode of Life — As regards the bodily condition 
there does not seem any proof of the correctness of the popular idea that 
an attack of typhoid fever means a previously “lun-down” condition, 
on the contrary it is often those m the best physical state who contract the 
disease The social surroundings do not seem to play much part The 
water-supply of the community is usually much the same for rich and poor 
Given, howevei, a case in a household and the chances of infection of other 
members are greater among the poorer elasses, where crowding is more 
common and isolation and disinfection are likely to be less efficient As 
regards occupation, there does not seem to be any special peculiarity, except 
in active military service Barringer states that typhoid fever is very 
pievalent among the trackmen on railroads Physicians and nurses who 
are handling patients with the disease are m some danger of infection, even 
with care Cold and fatigue cannot be regarded as having any etiological 
influence and probably^ the former is often the interpretation of the early 
chilly sensations, the ^ lattei really the first symptom noticed by the 
patient 

Gastro-mtestmal Conditions — ^That gastric conditions may have some 
influence may be thought probable but is not proved On general grounds 
a normal gastric juice should afford more protection than one deficient m 
acid and ferments, but the typhoid bacillus is probably not destroyed by 
ordinary gastiic juice Some writers have held that many patients have 
a dilated stomach, v Inch favored infection, or that the secretions were altered 
As regards gastio-mtestinal disturbances, the studies of the Spanish-Amer- 
ican War Commission show that these do not predispose to typhoid fever 
Thus, of 9,481 men who had previous diarrhoeal attacks only 648, or 6 8 
per cent , had typhoid fever, while of 46,348 men who had no preceding 
diarihoea, 7,097, or 15 3 per cent had the disease, and more than 90 per 
cent of the tjqrhoid fever patients had no preceding intestinal disorder 
Guiart of Pans has suggested that vounds of the intestinal mucosa made 
by V liipv orms may be the points of entrance of the bacilli 

Certain conditions are thought to confer relative immunity, among which 
are pregnancy and the puerperal state This is difficult to decide from 
statistics, as the figures usually given include females of all ages Women 
vho arc pregnant may possibly be less likely to be exposed to mfection, 
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In the present series, among 438 female patients theie were 6 who were preg- 
nant Taking the figuies of Cursclimann, Goldammer and Martinet with 
this series, among 3,355 female patients there weie 93 who were pregnant (2 8 
per cent ) In the pueiperal state and durmg lactation the disease is rare 
and there were only 2 instances m this series Other diseases, such as 
tuberculosis and the acute exanthemata, are thought to give immunity, but 
this seems doubtful when the number of instances of the co-existence of 
tj^hoid fever and these diseases is considered Chronic nervous maladies 
and malignant disease cannot be considered as giving immunity 

Modes of Infection — ^These are numerous, and ivhile m a sudden 
epidemic it may be possible to determine the source of infection vith cer- 
tainty, in the steady endemic occurrence it may be very difficult Take 
any oidmaiy community vith its usual number of cases every year, and 
m many of these the source of infection cannot be determined positively 
One thing we are sure of — the bacilli came from anothei patient, the moral 
of wdiich IS obvious 

1 Direct Infection — This is piobably much more frequent than has 
been supposed In armies, or wherever a large number of persons are 
crowded together, it is a prominent factor It also occurs to a considerable 
extent in houses, especially vhcre there are crowded conditions Those 
associated vith or waiting on the patient may be careless and carry the 
bacilli on their own hands to the mouth, or infect the food Probably those 
nursing a patient always get some bacilli on the hands and vithout great 
care others may be infected In a case reported by Dudgeon and Gray, 
a woman was apparently infected by handling the soiled dressing from a 
typhoid bone lesion m her husband’s leg, the pus from which contained 
typhoid bacilli m pure culture The more carefully epidemics are studied 
the more often will cases of contact infection be found Among the last 
500 patients of this senes, there were 55 who came from houses in w'hich 
xvere other patients wnth the disease, and m many instances they had been 
nursing the patients before becoming sick themselves Doubtless some of 
these contracted the disease from the same source as the first patient, but 
m many the probability is strong of more or less direct infection having 
occurred Dunng the same time there w'ere 7 trained nurses wffio had been 
nursing patients with typhoid fever outside the hospital and 5 ivho w'ere 
nursing m the w^ards There W'as 1 ivorker m a laboratory w'ho was 
handling typhoid bacilli and 1 orderly w'aiting on patients wnth the dis- 
ease This gives a total of 69 out of 500 w'ho were exposed to more or less 
direct infection Dunng the same penod there were 8 patients whose 
mfection could be associated wuth small epidemics arising among those 
who had used the same w'atei (those using the city water-supply are not 
included) That contact mfection does not ahvays play much part is showm 
by the report of Smith on the conditions in Belfast, where from 1898 to 1903 
there w^ere 12,900 cases of typhoid fever m 11,017 houses, that is, m 85 
per cent there w^as only one case to a house 

The mfluence of contact is especially showm where large numbers of men 
are collected together, as m a camp of Boer prisoners m the hills of Ceylon, 
in w'hich over 5,000 men w^ere collected The locality w^as high and the 
w^ater-supply good The camp w^as free of disease until tjqihoid fever w^as 
mtroduced by some newly arrived pnsoners Within three months there 
were over 700 cases among the pnsoners, the troops guardmg them, who 
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weie under practically identical conditions as regaids food and water- 
supply, escaped entirely 

Even in hospitals there is some danger, despite all precautions Schuder 
has estimated that 3 3 per cent of all cases are due to hospital mfection 
It IS stated that from 1881 to 1889, of the cases m the German army, 6 3 
pel cent were from hospital infection Dubus collected 145 mstances 
among 5,989 cases (2 4 per cent ) It is especially likely to occur if a hos- 
pital IS unduly crowded so that the wards have to accommodate more patients 
than usual In this clinic theie have been 31 mstances of infection occur- 
iing in peisons in the hospital Of these 5 were physicians, 3 of whom 
were in the medical wards, the others being on the surgical staff There 
weie 15 muses, of whom 11 had been nursmg patients with the disease Of 
the 8 patients, 3 were m surgical wards and not m contact with patients 
who had the disease Four cases among patients occurred in a ward epi- 
demic Theic were 2 orderlies, both of whom were working with typhoid 
patients, and it is difficult to understand why so feiv of them have been 
attacked, as they are often caieless, despite watehing 

There is great dangei of direct contagion m children’s hospitals, especially 
if the beds are very close together or the convalescents are allowed to play 
with other children Dubus^ mentions one hospital in which there were 27 
instances of direct contagion in three years In many of these the disease 
was contracted by a child in the bed next to the patient with typhoid fever 
If the children are bathed in the same tub the danger is increased, as is 
shown in the report by Bloch* of an epidemic of typhoid fever which occurred 
in a scarlet fevei pavilion, 13 patients being infected The possibility of 
infection from water or milk was excluded It was noted that female 
patients only weie infected, and it was found that almost all had a gonoi- 
rhceal vulvovaginitis Suspicion was then directed to the method of bathing 
and it was found that the children had been bathed m one tub and the same 
cloths had been used for several patients, while the attendants had not been 
careful to clean their hands after attending to each patient From the pus 
from the vagina of two of these patients typhoid bacilli and gonococci were 
obtained It was supposed that the bacilli were conveyed from one child 
to anothei by the cloths or bath water and then carried to the mouth by 
the hands The primary source was a patient admitted with the disease 
The epidemic ceased as soon as the patients were rigidly isolated Of all 
the children exposed, 26 per cent were infected, but during the time when 
probably the infection was earned, 52 per cent of those exposed contracted 
the disease 

2 Water — ^This must be regarded as an important means of conveyance 
and in laige epidemics, wheie the extent is influenced by the amount and 
freshness of the infection, it usually plays a large part, as well as m the j'early 
incidence in many communities Schuder, m the study of 638 epidemics 
which occurred from 1870 to 1899, found that the infection was carried by 
water in 71 per cent There are very few definitely proved records of the 
lecovery of t'^phoid bacilli from dnnking water, but in many mstances the 
time of infection has antedated the time of culture Willson, who has 
recently renen cd the sub]ect, considers that only 6 instances of the recovery 
of tiphoid bacilli from drinkmg water can be regarded as definitely proved 

’ Thesis, Pans, 1905 

■Ibid 
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In the sudden outbreaks it may be very easy to tiace the source of mfection 
to the watei-supply, for such epidemics are often “explosive,” but in places 
Avhere there is only the usual number of cases this may be difficult It is 
probable that by improved cultural methods our knowledge of the life of 
typhoid bacilli m water will be greatly mcreased The amount of light, 
oiganic matter and oxygen are important The possibility of multiplication 
of the bacilli m water under favorable conditions is not positively deter- 
mined 

The steady decrease m the disease in communities as the water-supply 
is improved is perhaps one of the best proofs of the importance of water- 
borne infection In Hamburg from 1885 to 1888 there were 15,804 cases 
of typhoid fevei The watei -supply vas taken from the Elbe, not far 
fiom the point where the seveis dischaiged The neighboring city of 
Wandsbeck, with a sepaiate water-supply, was almost fiee horn the disease, 
gn ing a demonstration as striking as that of Altona in the cholera epidemic 
of 1892 In Pans, vith a better water-supply, the death-rate fiom 1882 to 
1902 vas reduced from 142 to 17 per 100,000 It has to be kept in mind 
that a polluted water-supply is not a source of mfection unless the B typho- 
sus be piesent Theie have been cities which used a greatly polluted water 
and yet had a low typhoid late The outbreak in Plymouth, Pa , in 1885, 
IS one of the most instructive examples of an epidemic due to an infected 
water-supply ^ This was a town with 8,000 inhabitants and not in a very 
good sanitaiy condition The water-supply was largely dciived from a 
stream, on the watershed of vhich weie only two houses, a small part of 
the tovn used watei pumped from the Susquehanna river and those who 
used this supply escaped The general supply came from a mountain 
stieam on winch foui stoiage resenmirs had been built On April 9th, 
typhoid fever appeared m Plymouth, and in a few days there weie from 50 
to 100 new cases a day, and the total number was 1,104 The possible 
sources of infection were investigated and all suspicions centred on the 
water-supply It was found that in the house on the stream bctv cen the 
third and fourth reservoirs there had been a patient ill with typhoid fever 
He contracted the disease away from home and was sick on his return on 
January 2d Early in March he was convalescent and then had a relapse 
with hemorrhages and was very ill about the middle of the month The 
stools passed during the day were emptied into a privy, the contents of which 
lay almost on the ground, vhich sloped toward the stieam At night the 
stools Avere throvui either into the stream or on its banks The stools m 
the piivy and on the bank lay on the snow and frozen ground until the last 
week m Maich, when came unusually Avarm Aveather and a thaAV, with Avhich 
the material on the surface Avas Avashed into the stream and then into the 
third reservoir On March 26, it was found that the first and second 
reservoirs were nearly empty and that the pipe leading from the third to the 
second reseivoir AAas frozen A fire was lighted to melt the ice and so the 
AV'ater in the third reservoir, infected by the accumulation of the excreta 
of the tj’phoid patient from January 2d, Avas let through and passed rapidly 
into the toAATi, as the loAVer leserA’oirs were nearly empty It can thus be 
seen that the water-supply Avas A'ery heavily mfected It is said that the 

^Tlns A\as studied by committees from New York, Philadelphia, and Buffalo, An 
excellent report AAas published by Taylor 
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physician attending the patient -nho was the source of infection did not 
know that the stream supplied the reservoirs, but at any rate no attempt 
had been made to disinfect the excreta 

Ice has rarely been proved to be the means of conveyance of typhoid 
bacilli, although frequently undei suspicion The report of an epidemic due 
to ice at the St Lawrence State Hospital, near Ogdensburg, N Y , is given 
by Hutchings and Wheeler The institution had been free from typhoid fever 
for some time when, early m 1903, they had an epidemic of 39 cases Six 
days before the appearance of the first case, ice from a new ice-house had 
been used This had been filled m February by ice taken from the St 
Lawrence River three miles below Ogdensburg, m which city there had 
been typhoid fevei The sewage from Ogdensburg was emptied into the 
river above the point from which the ice was gathered In the ice there 
were masses of foreign matter and sediment, m which motile bacilli were 
found, and typhoid bacilli were groAvn in cultures from these The epi- 
demic subsided as soon as the use of this ice Avas discontinued 

3 Food — (a) Milk — ^There have been many epidemics in AAhich all the 
evidence pointed to milk as the somce of infection Schuder, among 638 
epidemics, found infected milk to be the cause in 17 per cent In many of 
these it is not possible to obtain direct bacteriological evidence, but the 
faets are so suggestive as to be almost conclusive When the disease is 
confined to the users of milk from one farm and there is strong probability 
of infection from a patient, there seems little doubt of the proof In other 
cases the infection may occur during the transfer of the milk in the city, 
either m the establishments Avhich handle it or in small distributing stores 
Creameiies have been the source of infection m some instances 
An epidemic m Palo Alto, California, m 1903, was traced to infection 
through milk (Fish, Mosher and SnoAA’^) Among 900 people aa ho obtained 
milk from the same supply, 232 had t)q)hoid fever, of these, 216 Avere 
apparently due to infection from the milk, while 16 may have been due to 
secondary infection, although all but two used the mfected milk That is, 
98 per cent of the tj^ihoid fever patients had used the one milk-supply and 
26 per cent of the users of this supply had tjqihoid fever The milk-supply 
Avas evidently mfected for the month of Mareh, the onset m the majority of 
the patients being m the first half of April It was found that the Avater 
used for Avashing the cans and also at times for diluting the milk Avas obtained 
from a creek Avhich was mfected by the drainage from houses in Avhich there 
Avere patients with typhoid fever The original infection had apparently 
been brought m by Ausitors Cultures from the milk and from the AAater 
used for washing the cans jielded the colon bacillus 
It may be diffieult to trace the exact source of infection but there are 
piobably more instances than are generally supposed of mfeetion of milk 
in small stoies and milk depots Should there be a patient AAuth tj'phoid 
feAer in the same building it can easily be seen how the milk may become 
infected by the same person AAaiting on the patient and handling the milk 
Sueh infection may be responsible for small local epidemics, but m the 
majority of mstanees of infection by milk this is secondary to infection of 
the A\ atci used foi cleaning the cans The amount of milk taken probably 
influences the chance of infection Thus, in the Palo Alto epidemic a 
larger percentage of patients aabs found among those aaIio had tAAo delnerits 
of milk a dsA, and presumably used more, than among those aa ho had one 
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Ice-cream may be a source of infection, the process of freezing not killing 
the bacilli Such a means of mfection might be veiy difficult to trace, but 
it IS probably not mfrequent and an instructive epidemic is reported from 
Govan by Barras In five days there were 19 patients with the disease, 
all of whom had eaten ice-cream from one store It was found that the 
proprietor of the shop had been ill foi ten days with what he supposed was 
influenza but which proved to be tj'phoid fever During this time he had 
assisted m the makmg of the ice-cream The milk-supply was excluded 
as a cause 

B^iiter and Cheese — It is doubtful if these are frequently a source of 
mfection Typhoid bacilli may live for a varying period in butter, some 
observers giving as long as 27 dajs, but m these expeiiments the butter 
receives a heavy inoculation under conditions favorable for the organisms 
Under ordinary conditions their duration of life is not likely to be long, 
owmg to the number of vigorous saprophytes, the chances of being washed 
out with the buttermilk (as happens to nine-tenths of the bacteria m the 
cream), and the salting The danger of infection from cheese must be 
practically ml, owing to the long peiiod of ripening 

(h) Shell-fish — There are a considerable number of instances of infec- 
tion by these In this country oysters and clams are most frequently under 
suspicion, and in England mussels and cockles have also to be considered 
It may be easy to prove that they have carried infection if there be an epi- 
demic, but it is likely to be very difficult in sporadic cases Shell-fish may 
be sent to considerable distances and widely distributed, hence the cases 
are not so likely to be associated as in a milk epidemic One of the first 
epidemics traced to infection by oysters was that m jN'liddletown, •which was 
studied by Conn This occurred among students and at first it n as difficult 
to find any common source of infection Investigation shoned that this 
could only have been from oysters Avliich had been eaten at several dinners 
on the same evening It was found that these oysters had been put into a 
small creek, for the puipose of "fattenmg,” within one hundied yaids of 
the outlets of a number of sewers, one of which came from a house m which 
there were two patients with typhoid fever Infection of students m another 
place followed the use of oysters from the same supply In England there 
have been many instances, thus, after a banquet at Winchester 62 among 
134 guests were ill, and of these 11 had typhoid fever, and at Southampton 
55 out of 132 were ill and 11 had typhoid fever All of those who became 
ill had eaten oysters 

In all shell-fish, the danger comes from the water m Avhich they are put, 
either for “fattening” or until they are Avanted for use, as foi convenience 
they are likely to be kept near the shore and consequently in Avater Avhich 
IS contaminated Oysters taken from these feeding grounds in rivers or 
inlets contain a much larger number of organisms than those directly from 
salt Avater aAvay from the shore If the oysters become infected, t'yphoid 
bacilli may live in them for some days, but there is no evidence that they 
multiply and after a certain time they tend to die If the contaminated 
oysters are put in clean water, especially if it be salt, the bacilli disappear 
in a few days The bacilli do not die in mussels as rapidly as in oysters, 
and there is some eAudence to show that in them there may be multiplication 
of the organisms Klein has worked on this subject and has obtained 
tA'phoid bacilli fiom oysters in three instances and from mussels once There 
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have been many investigations as to the distance at which bacteria may be 
found from the outlets of sewers Thus Fuller found the colon bacillus 
in 40 per cent of oysters and 70 per cent of the samples of water taken five 
miles from a sewer outlet 

Dried fish have apparently carried the infection, as m a small epidemic 
in London in which many of those infected had eaten improperly cleaned 
fish from one shop 

(c) Vegetables —These are earners of infection only when eaten m the 
uncooked state The danger of infection may be from the vegetables having 
been grown on land which has been fertilized by infected material, the water 
used in washing them may be infected, or the bacilli may be carried on the 
hands of those preparing or handlmg them In Hackney, London, there 
were two local outbreaks in winch it was found that a large proportion of 
the patients had eaten water-cress Cultures from samples of this showed 
sewage organisms and colon bacilli When vegetables are exposed for 
sale there may be a possibility of bacilli being carried with dust and deposited 
on them 

(d) Beer — That bacilli may be taken in with beer is possible but not pro- 
bable Suremont found that the bacilli did not live longer than three days 
in beer 

4 Flies — Much evidence has been brought forward of late to show that 
flies are frequent carriers of infection, and there can be no question of the 
proof They may carry the bacilli in one of two ways the infeeted matenal 
may cling to the fly and be deposited on the food, or the baeilh may be 
swallowed by the fly and deposited later Fischer estimates the duration 
of life of typhoid bacilli in the bodies of flies as twenty-three days They can 
live for some days on the head and legs of flies Firth and Horrocks showed 
that flies could carry the bacilli from infected material and deposit them on 
culture media 

Flies were important agents in the transmission of the disease during the 
Spanish-American War They settled on infected ffiecal material and 
later on the food In camps, where lime had been used to disinfect the 
privy pits, flies with their feet covered with lime were seen walking over 
the food The disease was less prevalent among regiments who had the 
mess tents screened With the decrease in the autumn of the number of flies, 
the number of cases lessened, and this at a time when as a rule the disease 
is on the increase In the South Afncan War flies undoubtedly played 
a large part in the transmission of the disease They were very numerous 
and it was noted that there v ere large numbers about the tjqihoid fever 
patients When cold weather came there v as a great decrease m the num- 
ber of cases 

In an epidemic in Chicago in 1902 the number of patients m one district 
with poor sanitary arrangements vas unduly large, and Alice Hamilton 
found that this was due to infection earned by flies In many yards in 
this district there was fiecal matenal exposed only a short distance from 
the houses Flies vere caught m the privies, on the fence near by and in 
the sick-room of a house, and tubes inoculated from them In several of 
them (5 out of IS) tj'phoid bacilli i\ere found, and in one the organism 
belonged to the group intermediate between the tj-phoid and colon bacillus 
An epidemic in the 3 ail at New Ha^en vas thought to be due to infection 
carried b^ flies from patients across the street 
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Many of the instances of the spread of the disease in rural communities 
are probably due to flies It is easy to understand how the dnelleis m an 
ordmary farmhouse can be infected, especially if the excreta aie not carefully 
disinfected The convalescent with bacilli m his urine may be an especial 
source of danger Even undei good sanitary conditions and with dis- 
infection flies may carry mfection, for it is often noted that certain t}phoid 
fever patients attract flies, and it may be possible for them to pick up some 
bacilli, which are thus earned and infect food It may be that some of the 
instances of hospital mfection are to be thus explained 

5 Dust. — ^This may be a factoi undei certain conditions Tj'phoid 
bacilli soon die if desiccated, but if the interval be short they may survive 
Thus m the South African War there were fiequent dust stoims in some 
localities, so that the food was covered with dust and sand It is easy to 
see that bacilli deposited on the suiface of the soil could readily be earned 
and so infect food Barringer has suggested that the dust on railway 
tracks may be an important factor in the spread of the disease, as there is 
much opportunity for infection by excreta dropped from the trains This 
dries, and the bacilli may then be blown about with the dust T}phoid 
fever is said by him to be very prevalent among the trackmen on railroads 
Infection of water along the track may also be a factor 

6 Clothing — Under usual conditions of life, instances of infection being 
earned in this way are rare Those handling soiled linen which has 
not been properly disinfected may contract the disease It is, however, when 
vmen are crowded together, as m barracks or camps, that clothing is a com- 
mon earner of mfection Tins was specially brought out in the Spanisli- 
Amencan War, m which clotlung, blankets and tents became infected 
Epidemics in barracks have been reported which seemed to be from infection 
of the clothmg After the South-Afnean War, blankets which had been 
used by the troops were sold, contrary to regulations, and sent back to 
England Some of these Avere used in a training ship, on which typhoid 
fever appeared On investigation the blankets weie found to be dirty and 
soiled with faical material, Klein is said to have obtained living typhoid 
bacilli from these areas 

The matter has an important beaiing on the care with which we should 
disinfect the rooms and bedding used by typhoid fevei patients As a lule 
this IS not done with any thoroughness, although some writers insist that 
it should be carried out as carefully as after scarlet fever There is no doubt 
that typhoid bacilli can live for some time on clothing 

7 Conditions in the Soil — Long regarded as the most important factors 
in the spread of the disease and in fact considered an essential element, 
we now consider these as only mfluencing the difficulty which the bacillus 
may have in passing from one individual to another Changes undeigone 
by the bacillus in the soil are not necessary to enable it to become pathogenic 
It IS evident that conditions of drainage may determine infection, but this 
IS mechanical and not due to any properties in the soil itself Theie may 
be infection of certain areas but the earth holds the bacillus in the same 
way as infected clothing might The endemic chaiacter of the disease, 
especially in rural communities, may be largely due to local soil mfection, 
and it has been shown that the bacilli may live for long peiiods in sewage- 
soaked earth Filth and unsanitary conditions cannot originate typhoid 
bacilli They must come from a previous source Given then presence 
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it IS evident that dirty conditions will render their distribution more likely, 
as water or food may be infected either directly or by flies But filth can 
not be the only cause any more than typhoid fever can originate from a 
polluted water-supply which does not contain typhoid bacilli 

8 Air — It IS difficult to prove that infection is ever carried by the air, 
except with dust, and it may be regarded as of very rare occurrence The 
view that the breathing of noxious gases may be a means by which the 
disease is conveyed is not proved 

The Organism — The Bacillus typhosus, discovered by Eberth m 1880 
and grovTi in pure culture by Gaffky m 1884, in a motile, flagellated bacillus, 
1 to 3/1 m length and 5 to 8/i m diameter The ends are rounded and it 
sometimes occurs in chains Under certain conditions it forms “pseudo- 
filaments ” The size and morphology may vary with conditions of the 
culture media, age, etc Flagelte are often numerous It does not form 
spores, the bodies seen at one or both ends of the bacillus and formerly 
regarded as spores are probably areas of degeneration It is non-hquefying, 
non-aerogenic, aerobic and optionall}' anaerobic, growing best at 37° C 
The toxin belongs to the mtracellular group It stains by the ordinary 
method and readily gives up color to a solvent It grows readily in various 
media, especially m bouillon and milk, and on gelatine, agar, blood serum 
and potato Motility is marked in certain media, especially bouillon In 
the majority of instances it can be readily recognized m cultures In certain 
cases it shows peculiarities and may be difficult to positively identify without 
careful investigation Its determination is aided by the reaction to blood 
serum from an immune animal or from a human subject who has the dis- 
ease 

The organisms are usually killed by a temperature of 60° They are 
very resistant to cold and can live for three months m ice, while repeated 
freezmg and thawing does not necessarily kill them In distilled ivater they 
may live for three months but in ordinary water they usually disappear 
v ithin from two to seven days The duration of life m water is important, 
but it IS not easy to say in any given Avater-supply how long the bacilli may 
live This apparently varies with the amount of movement, light, ehemical 
substances, etc , as well as the number of saprophytic bacteria present 
The more contaminated the water, the shorter time do the typhoid bacilli 
live They have been reported as livmg for eighty days m drinking water, 
but in reservoirs and dark wells they probably live much longer In mud 
and the scrapings from wells they may exist for some weeks Thej’' have 
been found in water-filters In carbonated waters they can exist for v eeks 
In ordinary soils they seem to live for some months, and if bouillon be 
poured over the area they may live for a year, although m ordinary soil the 
bacillus usually disappears from the surface layers after a heavy ram Under 
a leaking drain they have been found to live for tn o months There is no 
c\ idence that they multiply in soil, but although the duration of life of the 
bacillus in Narioiis kinds of soil, as determined bv different obseivers, laries 
somewhat, -^et there is no doubt that they can live for some time They 
may resist drying, thus, on cloth they have lived for nearly three months, 
while from cloth fouled by faeces contammg the bacilli they ha^e been 
recovered seienteen da^’s later On thread kept under suitable conditions 
they may In e a year They liaA e been obtamed from the dust of soil w Inch 
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had been inoculated and then allowed to dry The duration of life in teces 
IS variable, depending on many factois, especially on the chemical character 
and the other bacilli present, but piobably as a rule it is short, although 
some writers state that they may live for months m cold weather 

The B typhosus belongs to a group ‘of oiganisms vhicli are similar in 
ceitain particulars Of these the colon, paracolon and paratyphoid bacillus, 
with the B enteniidis, are the best known examples They may be regarded 
as forming a senes with the colon bacillus at one end and the typhoid 
bacillus at the other Certain cultural diiferences are usually enough to 
distinguish them In addition the agglutination reactions may be used 
The inteimcdiate group of organisms may be easy to distinguish fiom the 
colon or tj 7 )hoid bacillus but may resemble each other closely Buxton has 
suggested thiee groups (1) the meat-poisoning oigamsm, B enteniidis, 
(2) psittacosis group, and (3) “t}^hoidal” group 

Foi many years, although the B typhosus was constantly found in the 
bodies of those with the disease and could be grown in a specific manner, 
yet it had not been possible to reproduce the disease m animals The bacilli 
and their toxins were pathogenic for mice, rats and rabbits, but the char- 
acteristic lesions were not pioduced Recently Grunbaum has produced 
the disease m chimpanzees, 4 of which weie infected, 2 died, and the 
others were killed on the twelfth and thirteenth days Characteristic lesions 
were found, so that the possibility of pioducing the disease in animals can 
be regarded as proved 

There are many problems connected with the serum reaction which 
require solution Thus theie are patients who do not give the agglutination 
reaction at any time or only late in the attack This may be true of mild or 
severe infections It may be that some of these are due to different stiains, 
and it has been advised that in such the reaction should be tiicd with different 
varieties or a mixed bouillon culture be used It has been suggested that 
bodies which prevent agglutination may appear and that theie may be 
disintegration products This may be avoided by using very dense mixed 
bouillon cultures 

Bacteriology has, m the last few years, greatly increased our knowledge of 
the occurrence of the bacilli m the body Certain of the abdominal viscera 
AAere regarded as the usual site of the bacilli In 1885 the bacilli Aveie 
isolated from the blood by Fraenkel and Siminonds, but this Avas regarded 
as an unusual occurrence The increased number of observations Avhich 
shoAved the bacilli in various parts of the body suggested that they must 
occur frequently in the circulating blood Kuhnau suggested that the bacilli 
Aveie destroyed by the bactericidal action of the blood-serum m the culture 
media By diluting the blood this Avas OA'ercome, and the results proved 
the correctness of his vicaa^s By using large amounts of blood and diluting 
it, jiositive results are obtained in a large percentage of cases They are 
found most frequently m the early stages of the disease Coleman and 
Buxton have collected the records of 604 cases, in 75 per cent of Avhich the 
bacilli Avere obtained from the blood Of 85 cases m the first Aveek bacilli 
Avere obtained in 93 per cent , of 198 m the second Aveek, in 76 pei cent , 
of 115 in the third week, in 56 per cent , and of 55 in the fourth aa eek, in 33 
per cent Bacilli were found in the relapse in 18 out of 21 cases They 
may be found in the blood at the time of post-typhoid chills It may be 
considered that in all cases the bacilli are m the circulating blood at some 
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period and that this can be sho-^vn in nearly all patients by proper 
methods 

The bacilli are probably always present in the rose spots and have been 
obtained in a considerable number of cases m cultures or in sections of 
excised rose spots As regards the viscera and glands it may be said that 
practically every one may be invaded Abscesses in the skm, subcutaneous 
tissues, muscles or glands may all contain them They have been found m 
the brain, cord and meninges In a varying percentage of the complications 
in the glands they are present m pure culture, for example, in the parotid 
and thyroid glands, and also the bieast, testicle, ovary and tubes They 
may occur with suppuration or may be obtained by puncture without pus 
formation In the lung they usually occur with other organisms but may be 
found m pure culture Not infrequently they are found m the sputum 
In the liver they are usually present and have been obtained m cultures fiom 
a liver abscess In the spleen and mesenterie glands they are always present 
and may cause abscess formation In the kidneys they are often present 
In the circulatory system they are found in endocaidial vegetations and in 
thrombi They have been found in the sweat, but their occuirence in the 
urine is the most important As a rule they are not found until late on m 
the disease, very rarely appeanng until the third week, and in some patients 
they may not appear until convalescence The frequency vanes but pro- 
bably about 25 per cent is a fair estimate The number which may be 
present is enormous and billions of bacilli may be excreted each day In 
the stools the bacilli are comparatively few, but we are ignorant of the 
length of time during w^hich they may be excreted, although cultures are 
generally negative m convalescence The persistence m the gall-bladdei is 
important, as here they may be present for many years, and it is possible 
that they may be passed into the intestines and out with the freces In 
ceitain parts of the body, such as the bones, they may be present for years 
in pure culture 

It must be considered that the bacilli may gam access to the body without 
the individual having had typhoid fever This has occurred m the urinary 
bladder, the source of mfection probably being a catheter In the gall- 
bladder they have also been found without any history of an attack of 
typhoid fever It has been suggested that some of the cases of epidemic 
jaundice are due to infection with the B typhosus 

The typhoid bacillus may cause suppuration in many situations, but 
certain other organisms may be present with it and it may be difficult to say 
which IS primary and which secondary The colon bacillus, streptococci 
and staphylococci and others may be found, and these may be obtained from 
the blood during life At autopsy it is common to obtain many organisms, 
among the most common being the colon bacillus, sticptococci, staphy- 
lococci, B ptoicus, pyocyanms, lachs auogcncs, the gas bacillus and pneu- 
mococcus In many of these the secondary mfection is terminal or occurred 
after death 

At autopsy the B typhosiis has been obtained from almost ever\" part of 
the body The bacilli are found most constantly m the spleen, mesenteric 
glands and gall-bladder In the alimentary tract they may be found in the 
mouth, especnlly in cultures from the tongue and tonsils, and some observ ers 
ln^e reported them as being frequently found in the mucous membrane of 
the oesophagus In the mucous membrane of the stomach, duodenum and 
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jejunum, ileum and ciecum, they are usually found, but in the colon the 
frequency depends somewhat on the distribution of the lesions, while in the 
rectum they are rare They may be found in the lesions m vaiious organs, 
as will be noted m discussing the symptoms 
Typhoid bacilli do not usually cause infection in animals, although Leiy 
and Jacobsthal leport having found tj'phoid bacilli in the pus from a large 
abscess m the spleen and a small abscess m the liver of a cow 
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THE PATHOLOGY OF TYPHOID FEVER 
By THOMAS McCRAE, M D 

External Appearance. — ^Tlns vanes greatly with the day of the disease 
on which death occurred If early, as from severe toxsemia, the body is faiily 
well nourished and but little emaciated, while if late in the course there will 
be emaciation which may be extreme The skin is usually veiy pale and 
there may be bed-sores On section the muscles often show a characteristic 
change, havmg a curious, dry dark-red color In some cases there may be 
extravasation of blood into the muscles and occasionally rupture The 
micioscopic appearance was especially studied by Zenker, who described 
the degeneration generally found Abscess in the muscles is extremely rare 
The bones and joints rarely show any change at autopsy 

The Nervous System — When we consider the frequency and severity 
of the symjitoms due to the nervous system the changes found after death 
aie compaiatively slight Meningitis’ is rare and the lesions may be one of 
two kinds — one in w'hich they are not of suppurative character (the so- 
called seious meningitis), and second, the purulent meningitis In the 
former grouji there are changes m the cerebrospinal fluid, wnth wdiich 
changes in the meninges, consisting principally of oedema and hjqieriemia 
with round-celled infiltration, may be associated Tjqihoid bacilli are proba- 
bly ahvays jiresent, and it may be that the action of their toxins is the cause 
of the changes m the meninges In the purulent meningitis there is thicken- 
ing of the meninges w'lth a purulent exudate wdiich is less on the surface 
than among the tissue-elements and betw^een the meninges and the brain 
The exudate contains many cells of various forms, especially mononuclears 
of all sizes, the large mononuclear phagocytic form piedominating In the 
aiteiies there are masses of cells wdiich in places lift up the endothelium 
so as to block the lumen of the vessel None of these changes can be 
rerarded as peculiar to typhoid meningitis 
The brain show's no characteristic lesions In some cases round-cell 
accumulations, especially in the perivascular spaces, ha^e been described 
Encephalitis and softening have occurred Hemorrhage is exceedingly 
nre, wdiile abscess is most likely to occur as a result of some secondaiy 
infection Gross anatomical changes m the cord are rare There have been 
cases in which with an acute spinal condition, such as myelitis, tj'phoid 
bacilli ha\e been found m the aftected area at autopsy 
The Respiratory Tract — Erosions may be found m the mucous mem- 
brane of the nose and occasionally membranous deposits in the nose, on 
the soft palate and the tonsils 

The Larynx — The mucous membrane ^ery frequently shows catarrhal 
inflammation which has gone on to ulceration m a considerable number, 

‘The ca^eb in this bcnes Inie been studied by MacCallum and Cole The Johns 
Ilophns llosjntal Reports, \ol xn, 1904 
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having been repoited in as many as 26 per cent of certam autopsy senes 
The ulceration may be superficial but often extends deeply and mvolves the 
cartilages The majoiity of the ulcers are on the posterior part of the 
laiynx, veiy often close to the ipsertion of the cords They may also be 
found about the base of the epiglottis With the involvement of the cartilages 
theie may be marked necrosis and formation of extensive abscess cavities 
Ulcers on the epiglottis are fairly common, they are usually superficial but 
occasionally cause considerable destruction CEdema of the glottis is rather 
laie The ulceration may be due to deeubitus or there may be superficial 
eiosions which become mfected and extend In otheis it is probable that 
there is involvement of the lymph follicles comparable to that seen elsewhere 
m the body, and t}qihoid bacilli have been found in these lesions both m 
sections and cultuies Changes m the cartilages are sometimes primary and 
not due to extension Baei foimd ulcers m the larynx in nearly 20 per cent 
of 1,109 cases 

The trachea and bronchi do not usually show any marked changes The 
mucous membiane is often reddened and may show a few small erosions 
Ulcers m the trachea are very rare, Baer finding 3 among 529 cases No 
mstance occuired in this series The contents of the bronchi are usually 
scanty and principally viscid mucus 

The Lung — Hypostatic pneumonia is comparatively rare and usually 
associated vith cardiac wealoiess and a prolonged course True lobar 
pneumonia is not especially rare Horton-Smith reports it in 5 per cent of 
Ills fatal cases and it was present m over 8 per cent in the Munich statistics 
It was found m 8 of 105 autopsies m this series As a rule due to the pneu- 
mococcus, m certain cases the typhoid bacillus is the causal organism In 
otheis a mixed infection has been present Bronchopneumonia is common 
and was found in 34 of this series Gangrene of the lung is not very rare and 
may follow a lobar pneumonia, especially in debilitated mdividuals, or occur 
as the result of an aspiration pneumonia Ulceration m the larynx probably 
tends to favor the occurrence of gangrene Abscess of the lung occurs more 
rarely and m some instances the causal organism is the typhoid bacillus 
Hemoirhagic infarction is comparatively common , the source of the embolus 
may be in the right heart or the peripheral veins Infarction due to a 
detached clot from a thrombus is very rare but occurred in two of this series 
The infarct may be gradually absorbed or abscess or gangrene follow, with 
which an empyema is likely to be associated In one case there were areas of 
embolic pneumonia due to emboli formed by masses of phagocytic cells 
deiived fiom the mesenteric glands through the thoracic duct 

Pleurisy is lare, especially the serous form It occurred in only 3 of the 
autopsy cases apart from pneumonia Empyema is also rare, although 
repoited in neaily 2 per cent of the Munich series It was present in only 
one of this senes The oiganism in both serous and purulent pleurisies may 
be the typhoid bacillus, while m others the pus cocei are present 

Acute or chronic tuberculosis may be found In some of these cases 
cultuies show mixed infection and complicated histological conditions 
Circulatory System — ^The most important cardiac changes are in the 
myocardium In the early stages the muscle shows comparatively little 
change, but later on some dilatation may be found and the muscle is flabby 
This IS by no means invariable, and the muscle may show but little change 
On section it often has a curious yellow-browm (sometimes termed the dead- 
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leaf) coloi, and there may be quite marked mottlmg In a recent case there 
were multiple abscesses m the heart muscle Histologically there may be 
either mteistitul mflammatoiy changes or marked parenchymatous degene- 
ration The muscle fibers may show marked vacuolation with considerable 
deposit of pigment about the nuclei With marked mterstitial change there 
may be abundant lound-cell mfiltration Changes m the small arteries of 
the myocardium have been described as an mflammatory hj^perplasia 
Endocaiditis is extremely rare There were but 11 instances m the Munich 
series and only 3 cases in this one The typhoid bacillus has been grown 
from the vegetations, but m others there has been secondaiy infection 
Pericarditis is also, and was present on 1 of this series It is sometimes 
secondaiy to pneumonia or a septic process 

The Artenes — Involvement of the arteries, including the aorta, is more 
impoitant and occurs more frequently than we have supposed Fresh 
changes may be found m the mtima of the aorta and coronary vessels 
Thus, in 52 cases of this senes, m vhich full notes were made on the con- 
dition of the aorta, changes were present m 30, which were apparently 
recent m at least 21 There may be extensive areas of yellowish sclerosis, 
showing on section an acute process, which it seems proper to regard as 
having arisen during the course of the typhoid infection Of the coronary 
aiteries of 62 cases, m which the condition was noted, there vere 19 with 
definite sclerotic changes and in 4 others yellow areas m the intima were 
noted In 13 of these cases the changes ivere early and could be interpreted 
only as of recent origin The general character of these changes may be 
common to infectious processes generally and not peculiar to typhoid fever, 
but it is im])ortant that the condition of all the arteries should be carefully 
studied m future autopsies In some there may be arteritis with possibly 
thiombus formation Following the arteiial thrombosis there may be 
g.ingicne While this usually occurs in the legs there are some instances in 
the uppei extremity and in the external carotid, with resulting gangrene of 
the eai and parotid gland 

The veins shov changes more frequently than the arteries Local throm- 
bosis may be due to inflammatoi y change in the walls of the vein and m some 
cases IS associated v itli the typhoid bacillus 

The Alimentary Tract — Ulcers may be found m the pharjmx (m 2 2 
per cent of Baer’s 737 cases) but are more common m the oesophagus, as 
111 5 of this senes They were present in 4 5 per cent of 223 cases collected 
b> Baer The> may be part of the specific t^qihoid process or due to second- 
ari infection QSsophagitis vas found in one case of this series In patients 
d^ing some time aftei an attack, stricture of the oesophagus may be found 
llic stomach may show marked redness of the mucous membrane, and 
ciosion oi ulceration is not uncommon (2 per cent of Baer’s 1,108 cases) 
There inaA be doubt as to the specific nature of the ulceration found m the 
stomach, as ordinary gastiic ulcer may co-exist v itli tjqihoid fe^ cr Redness 
and swelling of the duodenum ha%c been noted, but it is not proved that 
these lesions arc specific Sev en cases of ulceration in the duodenum w ere 
reported bv Loins and one bv Andral 

Intestines, On opening the abdominal cavity the intestines are fre- 
qiicntlv distended, this being usuallv most marked in the colon The lower 
pirt of the ileum inav be of normal sive or even somewhat contracted The 
peritoneum covering the bowel may show a laige number of hemorrhages 
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The areas on the outside of the intestine corresponding to the ulcers are 
deeply congested but show no gianulation tissue formation as in a tubercu- 
lous ulcer and are often very soft in their central parts, sometimes losing the 
daik-red color and b6mg rather grayish-green, dependmg on the depth of 
the ulcer The usual changes which occur m the bowel are most easily 
described in the four classical stages 

1 Hypciwrma and Hypetplasta — ^This involves the lymphoid tissue m 
the lower part of the jejunum, the ileum, and to a variable degree the appen- 
dix and the large intestine The lymph follicles are swollen, grayisli-vhite 
in color and may project for some distance The solitaiy glands may also 
be greatly swollen and are sometimes very prominent There is nothmg 
absolutely characteristic of typhoid fever in this hyperplasia but it is rare to 
find such changes occuiring with fever in any other disease in adults In 
children it has been noted when death has occurred from other febrile con- 
ditions, and m early life it may be very difficult to decide as to the nature of 
mtestmal lesions by the gioss appearance 

Microscopic examination at this early stage shows a condition of maiked 
hyperiemia There is a great increase m the number of cells in the tissues, 
V Inch may be so marked as to compress the smaller bloodvessels and give 
the grayish appearance so often seen on ordinary examination The cells 
are of various kinds There is always a laige number of ordinary lymphoid 
cells and also larger epithelial cells, some of these are phagocytic in charactci 
and the swelling of the Ijnnphoid tissue may be due almost entirely to their 
formation A certain numbei may contain red corpuscles 

The number of areas u Inch show hyperplasia \ anes greatly, for in some 
there may be only a very few infiltrated patches, while m others they may be 
so numeious that theie is hardly an unaffected patch m the lower tuo-tlnrds 
of the ileum As a rule the extent of the swelling is less m children than in 
adults This process usually reaches its height from the eighth to the tenth 
day Two modes of termination are possible, resolution or necrosis The 
former is piobably of much rarer occurrence than necrosis but it is very 
difficult to know how often lesolution occurs The process is one of absorp- 
tion and offers no special peculiarity, fatty changes occur m the cells, ivhich 
are then gradually absoibed The patches which are undergoing absorption 
show at first a grayish-yellow color and then gradually collapse — at first m 
the centre and from this toward the peripheiy, — ^ivhich often gives them a 
rather eurious dotted or reticulated appearance Much pigment is usually 
left, giving the “shaven beard” appearance With this there may be a 
slight amount of necrosis givmg rise to small areas of ulceration but these 
are small and superficial It is possible that small hemorrhages may occur 
at this stage 

There is gieat variation m the extent of this process and in the co-existence 
of it with d^efinite necrosis We sometimes find the two side by side and 
with vaiying relative extent 

2 Necrosis and Sloughing — ^This is probably due to several causes as the 
diminished blood supply from pressure on the vessels and the presence of 
thrombi, as well as the action of toxins The degeneration of the phagocytic 
cells beneath the endothelium of the vessel probably influences the formation 
of thrombi Mallory has described this process also m the spleen and 
mesenteric glands The extent of necrosis varies greatly, it may be super- 
ficial and mvolve only the mucosa, or extend into the submucosa As a rule 
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the process is niosl innrkoii low tiown m the ih-iiin, jiihI in some r.isi's jii.nti- 
calh the whole lumen of the bowel for some (list'imc alK)\( tlie iltoi.ec.il 
^al\e nun be aiTectid In the colon, the extent of mciosis js cer\ x.inable 
ami m the sohlarc ul.uuis inn iinohe onU the most piommcnt pait of a 
follicle Till re nun be ewers xariation in the extint, number and depth of 
the areas of nec rosis 

3 Ularntioi). — ^^lth net nisis fulh established, separition gr.uhiall^ 
occurs, iisualK be<inminfi at the «d;:es and ixtuidini: inw.ud The nrottxss 
doe5 not iisualls adsanee i quails tlmnmhout the whole itei, so tliat the 
slough IS ran Is thross n olf in om pu ce but as i minibi r of smaller portions 
In lai^e ulcers, anas of ulK'ritioii and some still losired b\ fclonsrli mas be 
seen The ulcer left aftc r this pron ss s.irn s gnxitls in intent and ni clejitli 
Some nun be sers slight — from i mm to Jem m dianutcT The smaller 
one-s usualls result from (hinges m the soht.irs follicles, sshile the large i 
ulcers are usualls on the site of the IVser’s jiatches Adjoining ulcers nun 
coalesce so that almost the sshole surface of the bossed forms one l.irgi ulcer, 
as IS cspi'ciallv hkols to occurat (he lowcrcnd of (he ileum widi (In ilcoca-cal 
xalse msolsod m the process The depth of the* ulcers sanes gn.itls Tlies 
nun be siiporficinl, with perhaps lot the entire (liickiu'ss of the mucosa 
insolsed, oi the slough nun extend down to the snbmucos.i or the mnscularis, 
^^s Inch forms the floor of the ulciTin thenuijorits of cases In r ire mst.inics 
there nun be extension of (he ulcer after the sc paration of the slough, but m 
the ma 3 ont^ the ulceration extends to its gri itest cli*p(U \sith this It is 
usuall} considered (luit perfonitioii occurs most fiequentl} at the time of 
sepiration of the slough, while secoiidars ulceration mas explain its recur- 
rence <it later pc nods 

The shape of the nice r IS sc IS sariable Thes arecommonls more or less 
irregularis osal, but show all sarieties of outlines ^Mllle the long axis is 
usualls parallel to that of the intestine, in some cases (he opposite occnis, 
and annular ulcers nnolsing the whole circumfcicnce of tlie bowel base 
occurred The edge of (he ulcer is usualls sharp, and for a time the margins 
mas be quite steep in consequence of infiltration m the tissues about The 
edges are usualls soft, nun be congested, and arc sometimes undermined, 
although this is not c omnion The luise of (he ulcci , shoi tls' after sloughing 
has occuircd, shows .i more or less dark-rc>d appcaiancc, and there may be 
small poitions of the slough still adherent Later the floor of the ulcei 
becomas coinpaiatncl} clean and after a lime shows a slate color At this 
stage, when the lower ileum shows the cliar.ictcnstic ulcers, swollen and 
hyper.emie Pesei’s patches without any sloughing may be seen higher up 
the intestine 

4 Cicatrization — This probably leqmres varying periods of time m 
difTcrent p.itients The process begins with the ajijicarance of thin granula- 
tion (issue w hic h covci s the base of (he ulcer The mucosa gradually extends 
m and the epithelium foims oxci this The glanduku elements arc apjiai- 
cntly restored After the jirocess is completed the area is usually somewhat 
depressed and at first is of rather a hghtci color than the surrounding tissue 
Subsequently there is usually the deposit of a ceitain amount of pigment 
It IS a question whethei the hTuphoid tissue is destroyed jicimanently m 
the areas of ulceration While the aboxe is a general description, there may 
really be much variation in every point While the ulceration m certain 
cases IS confined to the ileum, yet m a considerable numbci the large mtestine 
vot a— 7 
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IS involved, and as a lule tins is more maiked in the caecum than m the colon 
In children the lesions are not likely to be as marked as m adults This is 
especially true of the depth of the ulccis and has been given as a reason for 
the lesser frequency of hemorrhage and perforation in childhood 

There may be combinations found in difteient parts of the intestine, 
healed and fresh ulceis may be found close together With marked ulcer- 
ation in the ileum the follicles m the colon may be swollen and show hemor- 
rhagic areas without ulceration, oi peihaps there is only one small ulcer m 
the large bowel, or many minute aieas of ulceration Very rarely is ulcer- 
ation found m the laige bowel alone The appendix also shows much 
variation Its mucous membrane may show no gross change, or there may 
be hemorrhagic areas or perhaps swelling with little ulceration The colon 
may show a diphtheroid membrane over its surface 

Among the 105 autopsies of this series, m 4 there were no intestinal 
lesions, the site of ulceration m the others v as ileum 99, colon 59, appendix 
15 (in 8 others the follicles v eie swollen but did not show ulceration), lectum 
12, and ciecum (with the rest of the large bov el free), 5 In 2 ulceration 
occurred only m the colon, m one the small intestine being peifectly free, in 
the other showing some injection The figures collected by Baer showed 
the site of ulceration as follows jejunum, 5 9 per cent of 1,358 cases, 
ileum, 89 per cent of 1,423 cases, Meckel’s diveiticulum, 1 1 per cent of 
89 cases, some part of the small bowel, 97 5 per cent of 623 cases, the 
ileocaecal valve, 6 7 per cent of 89 cases, the appendix, 2 5 per cent of 441 
cases, the ciEcum, 30 3 pei cent of 1,396 cases, the ascending colon, 10 3 
per cent , transverse colon, 4 5 per cent , and descending colon, 2 6 per 
cent of 621 cases, colon (site not specified), 29 1 per cent of 1,181 cases, 
sigmoid, 6 9 per cent of 101 cases, and the rectum, 2 4 per cent of 1,056 
cases Baer collected 5 instances in which the colon alone was involved 
Hemorrhage — If hemonhage has occurred to any extent the bowel usually 
contains large amounts of blood If the bleeding has been fiom a large 
vessel this may be found in an ulcer Avith a large slough It is sometimes 
possible to find the vessel fiom which the bleeding occuried If the 
hemorrhage has been from capillaries or small vessels the aieas may often 
be found infiltrated with blood In some ulcers the bleeding seems to have 
been at the edges ' 

Perforation — The incidence of this may vary greatly m different epi- 
demics and m different localities Perforation was found in 30 of 105 
autopsies m this series It shows gieat variation m the time and situation, 
occurring more often m ulcers with adherent sloughs than in those which are 
clean Perforation is in the lower part of the ileum m the majority, in only 
5 of 32 cases with perforation in the ileum was the opening more than 
eighteen inches from the valve The perforation may be m the appendix, 
as in 3 of this series, or in the large bowel as m 4 The sigmoid flexure is 
comparatively often the site of perforation in the large bowel In some 
cases perforation may occur m the rectum, and if this is low down an abscess 
may form m the perirectal tissues There are some recorded cases of perfor- 
ation m a Meckel’s diverticulum or m the jejunum 

Of the actual conditions which favor perforation we know little When 
one examines the bowel with ulceiation extending almost to the peritoneum 
the wonder is, not that perforation occurs, but that any escape Violent 
muscular movements may be a cause, but of the influence of peristalsis it is 
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not possible to spe.ik Distension of the bowel min inciensc the elianccs of 
perforation but it is not possible to quote am figures wliiili su])])ort this, or 
to sa) whet is the rclatne influence of ulceration .iiul other fiu tors 

After perforation general peritonitis usually follows There is much 
lariation in the amount of fluid in the abdominal ca\i(i but as a rule it is 
considerable Adhesions nia> keep the process locali/cd and abscess 
results, the perforation being closed b> the omenliiin or b} adhesions 
Peritonitis without perforation and without am other eiident ctiologie.il 
factor imn occur, as in a case rcjioricd rccenth In \\atson {Lanai, Itlat b, 
1903), 111 which a bo>, aged nine cars, was •uhmtted with geneial peritonitis 
At operation the abdomen was found full of jiiis, dcatli followed and at 
aiitopsi there was a general peritonitis, earh tiphoid iilcirs were found in 
the ileum, but there was no perforation and no ulcer marh through the 
bow el In one case of this scries .it operation no cause for an e.irh jicnlonitis 
could be found and cultures were negatne It is diflitult to gne an e\])lan- 
atioii of such cases Peritonitis iiiav occur from jierforation of the gall- 
bladder due to the processes of the disease or from niptun of ,i suppiir.itmg 
mesenteric gland There ni.n be the accidental .issociation of otlier con- 
ditions, such as an ordman .ippcndicitis, rupture of a g.istric ulcer, oi m 
women an extension from pchic siippur.ition 
The Mesenteric Glands — These stand m close relationship to the intes- 
tines and almost iinariably show some nnohemenl In the earh st iges 
there is hiper.cmia and mriltration, with swelling of the gl.inds Tins 
prob.ibh begins about the same liinc as the inhltr.ilion of the hnqih.itic 
structures of the intestines Their si/e x iriisien much, being often as 
large as a walnut and lareh the si/e of a sm.ill hen’s egg Areas of necio- 
sis may be found, and as a rule the glands are soft and on section almost dif- 
fluent Suppuration may occur with the formation of an abscess which 
mat rupture into the peritoneum Usu.dh the glands .iboiit the lowci end 
of the ileum are cspecialh iinohcd, but thosediiglici uj) m the abdomen may 
also show changes The rctropciitoneal glands .iie oiteii swollen and cieii 
the glands in the thorax .iiid in the neck may be iinohcd Iinolution 
probabh proceeds eoually with the process m the intestine and the glands 
gradually return to tiieir noimal si/e 

The Spleen — ^Thc ch.mgcs m this oigan miv> he compaied to those which 
occur m the lymphoid tissue of the intestine and in the mesenteiic glands 
The spleen is neaily alw.iys swollen at the beguinmg and duiing the couise 
of the disease, the cnlaigcmcnt is usu.dly model .ite and the si/e is pcihaps 
on an average .about three tunes th.it of the noim.il oigan Ver}' gie.it 
enlargement of the spleen is not often seen In 11 of this senes the weiglit 
was over 600 grams, the grc.atcst weight being 000 giams and the average 
356 grams The spleen is usually soft .ind m.iy be almost liquid, so that it is 
difficult to make a section of it In many c.iscs it is veiy daik red and 
bloody on section In 27 eases there were adhesions found, only 2 of these 
apparently being recent Even faiily film old adhesions do not nccessaiily 
prevent considerable enlargement Duiing defeiv'cscence the spleen di- 
minishes rapidly in si/e The capsule becomes lelaxcd and wiinkled, and 
owing to the hyperplasia the org.an becomes toiighei than normal Raier 
conditions, such as infarction and abscess, may occur, but these were lare 
in this senes, infarct being found m only one c.ase Eithci an inf.iict oi an 
abscess may ruptuie mto the abdominal cavity and cause peritonitis 
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Rupture of the spleen has occurred and may happen spontaneously or as the 
result of injury 

The histological changes are associated especially with the presence of the 
typhoid bacilli, which can usually be obtained in cultures at autopsy They 
are found in the spleen in irregularly arranged groups Sections made in 
the early stage of the disease show very marked hyperiemia, with overdisten- 
sion of the blood channels Later on there is marked hyperplasia both 
of the splenic cells and of the stroma, and with this there are usually large 
numbers of phagocytic cells found Focal necroses are constant and abun- 
dant 

The Liver and Bile Passages. — ^The liver early m the disease is usually 
hyperiemic, firm and somewhat enlarged, but latei it becomes paler and 
more friable The structure of the lobules is usually not so evident on 
section The most marked change is a parenchymatous degeneration, 
which may vary much m different parts The liver cells at first are granular, 
turbid and show fatty change, while after this they may contain granules and 
diops of fat and later on disintegrate This process begins most commonly 
at the periphery of the lobule and is usually more marked here than at the 
centre There may also be nodular areas which have attracted more at- 
tention There probably are two kinds, one being Considered as Ijunplioicl 
nodules, while the others are apparently necrotic Mallory consideis that 
there are two varieties of these lesions, in one there are phagocytic cells in 
the lymph spaces and around the portal vessels, which are probably due to 
the action of toxins The second variety is due to the obstruction of the 
capillaiies by phagocytic cells which have been carried by the portal circu- 
lation from their pomt of origin from the endothelium of the vessels of the 
intestine and spleen Followmg this the liver cells lying between the capil- 
laries undergo necrosis No definite connection has been pioved between 
the typhoid bacillus and these areas, and it is not consideiecl that these 
lesions are necessarily peculiar to typhoid fever as they may occui m other 
acute infections 

Abscess of the liver is extremely rare, there havmg been only 2 in this 
clinical senes and 1 m the autopsy records The tj^ohoid bacillus is the 
causal organism m a small number but m others the pus organisms are 
present Acute yellow atrophy has been noted m connection with typhoid 
fever Pylephlebitis is rare and is usually secondary to some condition m 
the peritoneum or mesenteric glands 

The changes in the gall bladder and bile passages are very important 
Acute typhoidal cholecystitis with intense inflammatory reaction occurred in 
one of this series Ulcers in the gall bladder offer no special peculiarities 
and may cause perforation just as in the intestine Ulceration in the com- 
mon bile duct is apparently very rare There can be no question of the 
mfiuence of typhoid bacilli m the gall bladder m favoring the subsequent 
formation of gall stones Great importance has been attached by some 
writers to the possibility of relapses bemg often due to reinfection from the 
gall bladder, but this has not been proved 

The Pancreas — Changes m this organ are usually not regarded as of 
importance In the early stages of the disease the gland is enlarged and 
deep red m color Histologically, dilatation of the vessels is found, with 
serous infiltration of the parenchjma Later on the gland apparently 
returns to a normal condition. 
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The Urinary Tract — The kidneys sho\\ much the s.imc cliangcs as (he 
h\er and spleen, that is, they aie slightly enlarged, with a color redder than 
normal and hypei.eniie on section As the disease progresses the kidnc> 
may cnlaige still furtliei and Imve a yellow isli tint Subsequciitlj after a 
long attack the kldne^s ma> become smaller pist as the Incr docs The 
histological changes aic cloudy sw'ellmg wnth granular degeneration, this 
IS usually seen fii’st m the coitcx and onl} later, and iisiialh to a less dcgicc, 
m the medulla In certain cases tlicie ma> be a definite acute nephritis, 
which was found at autopsy in S of tins series It is gcneialh that of an 
acute parench'vmiatous, hcmoirhagic t^pe, with the changes more marked 
in the parcnch\nna than in the interstitial tissue Numerous small areas, 
infiltrated with lound cells, which imn jiass on to suppuration, causing the 
so-called mihaiy abscess, have been described These arc jirob'ibh usually 
due to micrococci but in sonic instances tiplioid ba( ilh mat be isolated from 
them L}niphomatous nodules similar to those which occui in the liter 
have been noted, and some obserter^i sat that diet occur .Hiout half as 
frequently ,is in the liver Multiple abscesses in the kidnets were found m 
7 cases of this scries In the pelt is of the kidney and in the ureteis small 
hemorrhages mat be seen Ptchtis is tert rare .md was found in onh one 
case Diphtheritic inflammation of the pelt is of the kidiict mat occur 
The bladdei often shows hemoirhage into the mucous membrane 
Cat irihal states occur not uncoinmonlt and there mat be also diphtheritic 
inflammation, which may cause a phlegmon 'The occurrence of cystitis is 
not very common and only i were found at autopst m this senes Abscess 
of the piostatc is larc and was found in one of the serias 
In consideimg the histologic.iI changes, an important point is the absence 
of topical inflaramatort lesions, except such as cholectstitis and meningitis 
Special attention has been git on to this subject bt Malloit, whose con- 
clusions may be sumin.in/cd The Itphoid bacillus pioduccs a mild toxin 
which causes proliferation of endothelial cells, cpithcloid in chaiactei 
These arc produced (1) along the line of absorption from the intestine both 
m the Ijmphatics and blootnesscls, (2) (hiongh the gencial circulation, 
especially where the circul ition is slowest and (3) ihioughout the body m 
the lymphatics by absoiption of the toxin eliminated fiom the bloodvessels 
These cells increase both m number and si/c and show marked phagocjtic 
properties especially toward the lymphoid cells This occuis especially 
.n the lymph nodes and along the ijmphatic vessels This process is 
proliferative and may icpiescnt the extent of change in the sohtaiy follicles 
in mild attacks It m,iy however extend fuithei, disintegration of the 
phagocytic cells wnth fibrin foimation, forming thrombi which block the 
lymphatic vessels In the veins similar accumulations occui beneath the 
endothelium, probably m lymph spaces By these and the icsulting fibrin 
formation the vessels are occluded, and as the blood supply is inteifeicd 
w'lth, necrosis results The arteries arc not aficeted by this process Fol- 
lowing the necrosis, inflammatory exudation occuis in wdiich poljnnor- ' 
phonuclear leukocytes are larely found 
The changes in the mesenteric lymph nodes and spleen do not diftei 
greatly, the increase in size being due to the proliferation of the phagoc 3 i:ic 
cells. In the liver, tw'o varieties of focal lesions are found, one m the con- 
nective tissue around the portal vessels and therefore outside the lobule, the 
other in the lobule among the liver cells The formei consists of an inciease 
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of lymphoid and plasma cells, with the large cells derived from proliferation 
fiom endothelial cells The lesions occurring in the lobule itself are due to 
the collection of cells from two sources, some being derived from the living 
endothelium of the liver capillaries but the majority being earned by the 
blood cuirent fiom the intestine and spleen When a capillary becomes 
blocked by these large cells there is a process much like that found in the 
intestine, and other cells aie added both by interference with the circulation 
and by division The hvei cells m these aieas undergo necrosis and fibrin 
appeals between the cells These areas do not show any signs of marked 
invasion by polymoiphonuclear leukocytes 
These laige phagocytic cells may pass into the general circulation and 
cause focal lesions in the kidneys by occlusion of the veins of the pyiamids 
Similar changes may be found m the heart and testicle The foimation of 
thrombi, especially m the veins, may be due to a similar condition The 
bone-maiiow, which has been specially studied by Longcope, shows a con- 
dition much like that described m the intestine lymph nodes and spleen 
Theie is congestion and oedema, with areas of necrosis and the presence of 
the large phagocytic cells The blood-forming cells show general hyper- 
plasia with a maiked relative increase of the lymphoid over the granular 
cells The myelocytes are decreased, agreeing with the diminished number 
of polymorphonuclears in the blood, and intercurrent infections do not alter 
this greatly The eosinophiles are gieatly diminished m number In cases 
where some complication, such as general peritonitis, was present, the blood- 
foiming cells show marked degeneration There is some question as to the 
mode of origin of the large phagocytic cells It has not been settled whether 
they are exudative or derived entirely from the fixed connective tissue cells 
Mode of Infection — ^The explanation of the exact mode of infection is 
still in doubt Entrance by the tonsils has been suggested, vhich i^ould 
make the infection primarily by way of the Ijnnphatics and blood Do the 
typhoid bacilli gam entrance to the body through a perfectly sound mucous 
membrane, or is a local lesion necessary ? It may be that the absorption of 
toxin first causes changes in the mtestine and that the typhoid bacilli gam 
entrance later The instances of infection without intestinal lesions suggest 
that the bacilli may enter through a sound mucous membrane, but it is 
possible that minute lesions are not observed or have healed before the oppor- 
tunity for exammation The findmg of typhoid bacilli m the stools of 
apparently healthy individuals, and the fact that, of the total number of 
persons exposed to infection by the ingestion of typhoid bacilli, in only a 
certain number does the disease develop, suggest that local conditions in the 
bowel may have an important influence But there are so many possible 
factors that it is not safe to draw any positive conclusions 

Types of Infection — Infection with the typhoid bacillus may be followed 
by different results, in one the typical disease, in another a local lesion, again 
a general infection without local lesions, or the brunt of the attack may fall 
on one oigan In some instances typhoid bacilli may be present in the stools 
without any clinical evidence of disease It has not been proved that there 
IS any relationship between the severity of the disease and the number of 
bacilli found m the blood A patient may have a severe infection and yet 
the blood cultures be absolutely negative Again, it has been noted that the 
severity of the attack does not necessarily agree with the virulence of the 
bacillus Thus m the epidemic at Trier, virulent cultures were obtamed 
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from patients with mikl attacks, and nee in fa It ]ias been pointed out 
that we must distinguish between the (oxicitt of the bacillus and its iinasnc 
capacity The jiassngc through animals probabh diminishes the former 
but increases the latter This goes to explain the fact that in mam epidemics 
the inxasne properties weic marked but the toxic piojicities became weaker, 
which would account for the coinp.iralnelv low death-rate iii the Sjianish- 
American ^^ar 

The forms of infection may be classed as follows 

1 With the Usual Intestinal Lesions — Tins is the commonest form and 
includes the majoritt of eases 

2 With Shght or Atypical Intestmal Lesions — ^'Flns grouji is of uncer- 
tain frtquenc^ Shght lesions in the bowel mat be difluult to find and may 
be absent in the ileum but present m the colon or stomach The lesions may 
lane been w itliout necrosis and entireh healed before death The diagnosis 
maj be made during life or at aiitopsj !)> bacteriological findings 

3 Oases without Intestmal Lesions — There were 4 sueh cas&s in the 
present senes There seems no question of their occurrence, although it 
mat be diflicult to say that shght lesions hate not healed TIic diagnosis 
can be made positnclj onit by obtaining the bacilli during life or at autopsy 

4 Local I^ection — ^This has occuired m the iiimait bladder and some 
cases suggest that it may also occur in the gall bl.idder There is alw n}s the 
possibility of a mild unrccogni/cd prcMOUs general infection 

5 Terminal Infections — ^Thc typhoid bacillus has not usually been 
regarded as one which might cause a terminal infection, as for example m a 
patient with malignant disease, but in this series there ha\c been two such 
instances There seems no reason w h\ the t> phoid bacillus should not cause 
a terminal infection in the same way as other organisms Both of these 
were patients with malignant disease and both wcic without intestinal 
lesions Typhoid bacilli were obtained from the blood dining life 

G “Paratyphoid Infections It seems pistihablc to mclude the 
various infections caused by organisms which, while closely related to the 
B {ypJiosiif, are still distinct, under the geneial heading of typhoid fe^cr 
There were 8 of these in the last 500 eases of this scries 

7 Mixed Infections — In a certain luiinber of eases, in addition to 
infection with the typhoid bacillus, another oiganism is added This may 
be the colon bacillus, pneumococcus, streptococcus or staphylococcus 
This may be early m the attack and coincident or occur as a secondary 
infection wdiich is frequently a terminal one In the latter the condition of 
the body, due primarily to the t} phoid infection, gives opportunity for the 
development of other organisms. 



CHAPTER IV 


THE SYMPTOMS OF TYPHOID FEVER. 

By THOMAS McCRAE, M D 

“There ^s no disease, %n fact, winch exinbiis a more protean character, 
from prcdominence of certain symptoms, and from the presence of compli- 
cations ” — Murchison 

Introduction — The manifestations have an almost infinite variety, from 
the onset, throughout the course, in the termination and sequelai we may 
evpect anything Not only is there gieat ditference in the symptoms shovn 
by different patients but the character of the disease m the same locality 
may vary greatly from year to year Thus in one year the patients may have 
few rose spots Avhile in the next the lash as a rule is very profuse, and the 
same may be seen m the occurrence of hemoirhage This may be due to 
the character of the infecting organism For the student it is most essential 
to realize that the classical description of the disease does not fit every 
patient and this makes it so important that the disease should be studied 
from the patient and not from text-books alone No symptom or sign is 
necessarily present, a point never learned by some men who lefuse to make 
the diagnosis of typhoid fever unless certain classical features are found 


INCUBATION 

The period of incubation may be impossible to determine exactly and it 
probably has limits varying fiom three to twenty-three days In the instances 
reported b}’^ Dufloeq and Voisin, in which the patient swallowed a virulent 
culture of bacilli with suicidal intent, there was headache and malaise on the 
third day, fever on the fourth, epistaxis and rose spots on the eighth and a 
palpable spleen on the ninth day The report of the Spanish-American War 
Commission gives the average period of incubation, based on a study of 
780 cases, as ten and one-half days, the shortest being slightly less than six 
days The first symptoms are often so indefinite that no positive statement 
can be made as to the incubation period At first the patient may feel out of 
sorts, be easily tired and complain of general malaise v ithout anything more 
Probably the majority of patients have some sjunptoms during the period 
of incubation 

The Onset — This may be very variable The most frequent symptoms 
at onset in this series were as follows headache 1,117, anoiexia 825, diar- 
rhoea 516, abdommal pain 443, general malaise 436, vomiting 404, cough 393, 
chilly sensations 392, chill 334, epistaxis 323, fever 285, nausea 255, consti- 
pation 249, backache 215, sweating 207, general pains 196, vealcness 112, 
delirium 65, dizziness 61, stiffness of the neck 47, sore throat 32, herpes 18, 
deafness 13, insomnia 11, photophobia 6,intestmal hemorrhage 4, convulsions 
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3, arthritis 3, SMicopc 3, ]auTidicc 2, retention of urine 1, otitis media 1, 
hiccough 1 and hone lesions 1 

The most common fe.ilures at onset arc headache and anorcMa The 
headache is frequenth &c\erc and is often icferied to tlie toji of the head, 
nliile in others it is oiil> a more oi less geneial soreness After these in 
frequency come diaiihcca and abdoniin.d pain To the formei much 
importance is gncii in the usual descriptions hut it must be kept in mind that 
ill maiiY patients it has folloncd the taking of a purgatnc The less fic- 
(]ucnth puiges arc gneii carh ni the disease, the smallcT will be the number 
of eases of dianhoea The otcurrcncc of abdominal pain in ncarh 30 per 
cent is surprising ind also important as this nia\ lead to ciroi Nausea and 
loniiting occurred in a laigcminibcrwhcn ne think how raie these arc duiing 
the course of the disease 

Of the general siniptonis malaise was the most common, being found in 
436 dulls and cliilh sensations arc coniparatneh comnion The per- 
centage with thills at the onset (22 per cent ) is high, esjKcialh as many 
writers consider that the^ arc lare Tins being a malarial district careful 
inquiry is made for a hlstor^ of chills but this is not accepted unless theie is 
a positne histor\ of “shaking “ ^\c Innc to be eaicfiil not to accept the 
“cJumb chill” — common in tins loealih — is the true \allet^ General pains, 
backache, weakness and di//incss occur in a certain nnnibci Feeei is not 
a common complaint of onset when we lemcmber that it must be almost 
always present, sweating may be associated with it, although usualh the 
skin IS dr} The classical cpistaxis was present in 325 or a little o^er 20 ])ei 
cent From the importance placed on it bv the oldci writers one wonders if 
epistaxis has not become less freejuent Herpes was comparatncl} laic and 
was found in IS of the senes or 1 2 per cent , its inficquency is an im- 
portant point to kccji 111 mind in the diagnosis of doubtful eases At^qncal 
rashes ha^e been reported but are not common 

The conditions winch occurred larcly arc of special interest ns showing 
possibilities Hemorrhage fiom the intestine ma} be the fiist s}mptom but 
this IS, of course, not at the time of onset of the disease, although we use the 
term to mean the first simptom noted b} the patient In the ease of the 
patient whose first s^mjitom was a bone lesion, it is possible that t}q)hoid 
bacilli ma} liaie set up the loc.il changes in the bone at the same time as the 
general infection was progressing In speaking of the onset it must be 
remembered that the first s}mptoms appieciatcd by the patient and the real 
beginning of the disease may be widely apart 

Special Modes of Onset — While m the majority of eases the onset is slow 
and insidious yet it may be more or less sudden and wnth unusual featuies 
In a certain number the onset is quite sudden, a point to which Manges has 
directed attention The beginning may be w'lth the oidinaiy symptoms in a 
very acute form or W’lth marked symptoms m one system, so that the patient 
can give the exact time of onset The most common of these methods of 
onset are as follow^s 

1 With Marked Nervous Manifestations — These are very vaiious 
The onset may be wnth convulsions as in 3 of the senes This is especially 
likely in children but may also occur in adults, as in one patient wdio, after 
working all day, had gone to bed feeling perfectly w'ell His room-mate 
w'aked m the night and found the patient having lepeated convulsions, which 
continued at intervals until the next day Theie was no history of epilepsy. 
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alcoholism or exposure to lead In some instances there may be marked 
delirium or stupoi at the onset Occasionally there is severe acute mama 
and patients have been committed to an asylum The disease may begin 
with sjmiptoms which suggest meningitis, such as severe headache, delirium, 
letiaction of the head, etc Many of the symptoms of meningitis may be 
piesent without any organic changes in the membranes and in such the 
diagnosis may be made with great difficulty, although lumbar puncture is 
of much assistance The early headache may be very severe and if it be of 
aneuialgic type the diagnosis may be difficult In some of these cases the 
attack is suggestive of influenza 

2 With Marked Pulmonary Symptoms —There are instances of acute 
laryngitis at the onset but perhaps the most common condition is to find the 
initial bionchitis so severe that it quite overshadows the other features 
This has often a very suggestive character, the cough may seem loose but 
theie IS little sputum Again the onset may be v\ ith an ordinary acute lobar 
pneumonia, the “pneumotyphoid” of the French This has all the usual 
features and there may not be a suspicion that we are dealing vv ith anything 
more than an acute lobar pneumonia In some instances the temperature 
may fall about the seventh day but soon rises again The organism is 
usually the pneumococcus and very rarely the tyqihoid bacillus It is well 
to recognize frankly that this mode of onset may completely mislead the 
physician 

There is another lung condition sometimes found at onset which is difficult 
to diagnose definitely, as atypical signs and course are the most marked 
features There is usually some distress and an increase m the respiration 
rate but the ordinary features of pneumonia are lacking There is generally 
diminished expansion on the affected side, vocal fremitus is normal, possibly 
slightly increased or perhaps even lessened somewhat, there is moderate 
dulness and on auscultation either suppression of the breath sounds or 
distant tubular breathing In some cases the diagnosis of pleuiisy has to be 
considered but the subsequent course and the negative results ot punctures 
suggest that it is a “low variety” of pneumonia In some, a small patch of 
distinct tubulai breathing can be made out later on The duration is 
indefinite, in some only a few days, in others lasting perhaps two wmeks, it 
usually clears up slowly This condition seems more frequent on the right 
than on the left side It may give great difficulty in diagnosis if there be no 
positwe signs of typhoid fever Pleurisy at onset may also cause confusion 
In a patient recently under observation the onset was sudden with high fever 
and a friction rub wdiich disappeared with the appearance of an effusion on 
the third day In this senes pleurisy at onset has been rare 

In some patients the pulmonary symptoms may suggest tuberculosis 
This is most likely if the patient has been feeling badly for some time and 
there are indefinite signs in the lungs The possibility of the two diseases 
existing m the same patient has to be kept m mind 

3 With Marked Gastro-intestmal Symptoms — ^Tonsillitis has been 
noted early m the attack but is rare The onset may be with severe vomiting 
and marked abdominal pain so that some form of poisoning is suggested, 
but the vomiting usually does not persist In others the diarrhoea may be so 
severe as to suggest an acute enteritis, especially if the stools have a w^atery 
character In some the onset may be wnth gastric ard intestinal disturbance 
accompanied by slight fever The temperature may fall and the attack be 
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regarded as of no niipoitance, onl> the subsequent fc\cr showing tlie leal 
condition 

A deceptive method of onset is that with se\eie abdominal nain, as this 
leads to the diagnosis of an acute abdominal condition .ind it is liv no means 
rare for such patients to be explored The pain mai be espccialh m the 
right ihac fossa with marked tcndeiness If this has been of rather sudden 
onset the diagnosis of appendicitis imn casih be made If the jiaiii be in 
the upper abdomen, cholecNstitis or some acute gastiic condition nres be 
suspected An important point in the recognition is tin fact that the al> 
dommal pain of Uphold fc\cr — except that due to complications — is niiuh 
rehc\ed b^ hot ap plications The use of these and careful watching will, .is 
a rule, prexent error or at an} rate a needless exploration 'koo niucli 
emphasis cannot be laid on the possibility of mistaking the abdominal pain 
which occurs earl} in t}qihoid fc\cr for that due to appendicitis The com- 
bination of pain, tenderness, rigidit} and muscle spasm is not found m 
Uphold fc\cr apart from coinphcations 

4 Onset ■with Renal Symptoms — In rare cases there may be the features 
of acute nephritis — the “nephrotiphoid”, the urine m.i} be scant} and 
contain albumin, tube casts and blood Tlicsc h.ne been xcr} rare m this 
senes Retention^qf urine is quite common at the onset and should alwn}s 
rouse suspicion of Uphold fexer in a doubtful febrile condition 

5 Onset with Comphcations — In some mst mces there ma} be no 
suspicion of any illness, the patient onh comjilaming of slight s}niptoms, 
until hemorrh.igc or perforation occurs Four jiaticnts of this series were 
admitted xxith gcneial peiitonitis subsequent to perforation of a t}phoid 
ulcer, without any liistoi} of illness before the onset of the sex ere abdominal 
s}mptoms In such patients it is onh xxhen the abdomen is opened that the 
condition m.ay be rccogiii/cd unless there h.ippcns to be a marked crop of 
rose spots If by any chance the agglutination reaction is tried this ma} gix e 
the diagnosis 

0 The Ambulatory Form of Onset — ^Under this term tx\ o dihcrent t}pes 
of cases are described Some xxritcis use it to designate xci} mild attacks 
wdiich are not sex ere enough to compel the patient to go to bed As a lulc, 
hoxvex'er, it is applied to the gioup composed of those xxho kceji about ancl 
may be at xvoik having more oi less fever These .ire likel} to have severe 
attacks and in hospital practice are xx'cll recognised as swelling the moitahty 
They supply a numbci of the inskanccs m xvhich the apparent onset is x\ ith 
marked nerxmus features 

The day of onset of the disease' may be difficult to determine As a lule 
it may be considered as the d.ay on xvhich the patient gix'es up xxoik oi goes 
to bed This is not alxvays exact as there may be no question that the 
patient xx'as ill for some days before he xxent to bed In w'omcn or childien 
there is often a history of their h.avmg to he doxxn foi pait of the day This 
may be considered as part of the attack Men frequently give up xvork for 
a day or two and then return to it until compelled to give up again A 
striking feature is the change xxdiich may occur in the patient’s condition 
after he has been put to bed, xx’-hich is especially maiked if he has been 
fighting the disease A patient xvlio has xvalkcd into the hospital may be 
almost unable to lift liis head in txvo or tliiee days The tempcratuie of the 
patient xxho has been at xvork or going about may not be high but after a 
fexv hours rest it rises rapidly In hospitals, noimal oi even subnormal 
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temperature records on admission are seen especially in patients who have 
walked some distance or had a long wait before admission In such theie 
may be a rise of four or six degrees ^/lthln a few hours after they are put to 
bed 

Fia 1 



The charactei of the early fever curve is of interest While the step- 
like rise so often described (Fig 1), is not uncommon yet in many instances 
the fever may attain a maximum by the third or fouith day This is well 
shown in patients who for some reason have been in bed at the time of onset 
(Fig 2) In the onset with marked symptoms in one organ the temperature 


Fi« 2 



Onset •OTth the patient in bed 
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ma> ri'^e raj)Klly The same ma^ be obser\etl in Ihe oiisei of .i iclajise 
This ina-\ be bi a gradual increase in the temperature each da;^ oi it may 
rise suddenh from normal to 103° to 101° F 
As a rule b^ about the end of the first Mcck the e\enmg temperature 
reaches 102° to 104° F , by mIucIi time the appearance is often distinctive 
The face is somewhat flushed, has an anxious look, and the c^es .uc blight 
There is rareh am delirium at this stage but the jiatient ma> be easily 
confused and a certain mental slowness is fre'qucntl> obsened This is 
cspccialh noted when the history is being taken, the patient often liaiing 
difhculty in remembering oceurrcnccs exactly aiul may ha\c special tioublc 
111 giMiig times and dates Some ma'v show a little more coniusion toward 
ceemng or at night The tongue is xer\ often coated .md w lute, the bieath 
is frequentb foul The abdomen is sometimes ihstendcd and theic ma> be 
slight guighng and tendcnicss in the lower light quadrant The bowels aic 
often constipated, although there may be diarrliaxi carl} in the course, 
especially if puigatucs lane been taken Bronchitis is common, often 
accompanied b} a hacking cough but with little cxpcctoiation The jnilsc 
late IS usuallj low m proportion to the fc^er, thus a patient coming in with 
a temperature of 104° may h.ne a pulse between SO and 00 It is often full 
111 eolumc, maj be dicrotic, and the blood jiressure is usually about normal 
The spleen may be felt eery carh The rose spots are lardy made out until 
the end of the first week 


FEATURES OP THE COURSE 

In the second week of an ordinarj attack the symptoms usually become 
more severe, the feecr is higher, genenilly icinaming fanh constant, and 
there is ^ery little remission cither m the morning oi aftci sponging oi baths 
The mental condition as a rule is dull and they will often he quiet, pacing 
little attention to what is going on about them and do/ing most of the time 
They can usually be aroused and will answer questions apjiaicntly perfectly 
correctly, but, to any one who knows the ciicumstanccs, quite mcoricctly 
One curious distuibance is the loss of definite ideas of time It is impoitant 
to remember this, because a patient who is apparently peifcctl} lational may 
state that he has received no nourishment for twcnty-foui houis, when 
perhaps not as many minutes have elapsed since his last feeding Nuises 
are often subjected to unfair ciiticisms on account of these statements and 
their unreliability should be kept in mind In such cases it is w ell to explain 
the matter to the friends The facial appearance usually changes duiing 
the second w^eek, the early flush disappears and they have a heavy, dull look 
The lips are dry, the tongue is coated and in severe cases is heavily furred 
The breath is foul There may be sordcs on the lips and teeth if the attack 
be a severe one The abdominal symptoms usually become more maiked, 
there is a greatei tendency to distension, and diarihcea may appeal or become 
aggravated At tins time or later tbeie may be some complaint of abdominal 
pain As a rule the bronchitis has subsided The pulse usually becomes 
more rapid, probably is dicrotic, show^s the soft quality so often present m 
typhoid fever, and the blood pressure may fall slightly 

Death may occur during this w'eek, usually towmrd the end, and generally 
from profound toxsemia, although both hemorrhage and perforation may 
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occur In mild attacks the temperature may have begun to fall and be about 
normal at the end of this week 

In the third week the conditions of the second week may be aggravated 
or there may be signs of the attack coming to an end If it be a severe one 
the emaciation now becomes noticeable, the wealmess is more marked and 
the whole appeal ance of the patient is changed The mental condition may 
contmue dull, there may be a muttering delirium and muscular tremor m 
the severer cases The tongue is often dry, tremulous and protruded with , 
difficulty, it may be swollen, fissured and heavily fuired The abdominal 
s>'mptoms may be more marked and diarrhoea or distension appear for the 
first time The pulse rate usually increases, varying perhaps from 120 to 
140 in severe cases The heart sounds usually show changes, the first very 
often becomes feeble and indefinite and may almost disappear at the apex, 
the second is very often short and sharp In others there may be embryo- 
cardia The pulse is usually small, very soft, and the blood pressure Ioav, 
averaging perhaps 100 mm Hg Lung complications may occur, either 
ordinary lobar pneumonia or a hyjiostatic condition Distension, hemoi- 
rhage and perforation may occur The back may show signs of iintation 
and bed-sores appear 

If the attack be of a milder type, toward the end of this week the tempera- 
ture begins to come down, both the morning remissions and those aftei the 
baths being more marked The mental condition improves, the tongue 
cleans and all the symptoms show improvement The wasting usually 
ceases It is at this time that the friends are so apt to ask about the expected 
crisis on the twenty-first day, an idea which has probably iisen from the fact 
that in the majority of patients improvement begms about the end of the 
third week 

In the fourth week in the ordinary attack convalescence begins The 
temperature gradually declines, the whole condition improves, and the 
appetite returns In many cases, hoAvever, vhile the temperature comes 
down it does not reach normal and may remain about 100° F in a very 
provoking way In severe cases the condition may be an aggravated repeti- 
tion of that in the third week The mental state is worse, the patient lies 
oblivious to his surroundings and perhaps m a muttering delirium There 
may be much muscular tremor and subsultus tendmum In this condition 
involuntary passage of the urine and faeces or retention of urine are common 
The pulse usually becomes more rapid, reaching perhaps 140, it is small and 
the blood pressure may be lower than before The abdomen is often dis- 
tended and there may be diarrhoea In such a condition there is often great 
difficulty in making the patient take sufficient nourishment and water 
During this time there is always danger of pulmonary complications, and 
hypostatic pneumonia may occur Bed-sores have to be especially guarded 
agamst In the followmg weeks severe cases may still show continued fever 
with all the features spoken of m the fourth week, but as a rule there are 
signs that the attack is drawing to a close The fever becomes more irregular, 
although it may come down to perhaps 100° or 101° F and then remain 
persistently about the same figure At this time relapses and recrudescences 
may occur and the patients are subject to some of the latter complications 

Attacks of collapse may occur with a sudden drop of temperature, even 
to subnormal, and signs of severe shock There is cyanosis, the respirations 
are shallow and rapid, the pulse is small and theie may lie vomitmg and 
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diarrhoea The abdomen is negatne The patient may die oi gi.idiially 
umrro%c It may not be possible to give any cxpi.ination of the condition 
While general descriptions may be given, thcic is no account that can fit 
all cases The general fcatuies may be mild and scieie complications 
appear oi toxremia iiia^ be marked and coiitimic ^\ itli high fc^ ci but no othei 
special features are present The early part of the att.ick may be mild and 
the temperature shov signs of coming dow n u hen suddenly all the si mptoms 
become iiorse and the patient passes into a stiious state In othcis the 
temperature may liaie come donii but the toxamiia and prostiation continue 
E^ery possible combination inai be present 

General Appearance — ^The aspect earh mthc disease is ficquently ^ely 
characteristic The face ma> be somcMliat flushed and the eics bright but 
uitli this there is a curious dull appeaiance more c.isih recogni/c'd than 
described and uliicli in certain cases m.ikcs one suspicious of the diagnosis 
The patients Mill often go into a do/e dining the c\aminatioii and usually 
pay little attention to m hat is going on aiound them In the beginning of the 
second week the expression usuali}' becomes diillei and tow aid its end the 
patients he with a listless hcavt look There arc, liowcier, patients of an 
acute nerious tipe who are xery aleit and whose senses, cspcciaHy hearing, 
seem keener than normal Tow aid the latter end of the disease the color 
usually leaves the face and they have often a pale, sallow look whicli is not 
necessarily associated with aii.cmia Dining convalescence the appearance 
is often characteristic if the attack has been at all scieic as the maikcd 
emaciation, associated with the falling out oi thinning of the liaii, gucs a 
curious aspect 

Fever — ^This may be rcgaided as practically a constant feature of the 
disease The axerage duration of fever m this senes was thirty-oiic days 



Termination by cnsis 


In 1,118 the temperature reached 104° F or over, in 643 the maximum wms 
from 104° to 105° F , m 411 from 105° to 106°, in 58 from 106° to 107° F , 
and m 6 over 107° F In only 25 per cent did the temperature remain 
beloxv 104° F throughout the attack The classical description of the fever 
of onset js of a gradual step-hke rise, the temperature each evening bemg 
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higher than on the preceding one but usually loAvcr in the mornings than in 
the evenings As aheady noted this is not constant and in some mstanccs 
the elevation may be rapid The fever, as a rule, reaches its height from 
about the seventh to the tenth day and then persists in a fairly steady line 
But there is no constant rule and we see every variety of temperature chart 
Toward the end of the attack, and especially in the third week in ordinary 
cases, the temperature begins to show remissions Under the bath treatment 
these are especially marked after the tubs, falls of three and four degrees 
being not uncommon The effect of hydrotherapy on the temperature vanes 
greatly and some patients respond markedly to any form The remissions 
are at first m the morning and for many days the temperature may go above 
102° F only m the afternoon At this stage the highest temperature is 
generally about four or si\ m the afternoon The termination is usually by 
lysis, although rarely it may be by crisis as m two of this senes (Fig 3) 



Sho^ mg a marked drop after a tub bath early in the disease The temperature u as normal 

on the twenty-second day 

It is well to bear in mind that the tempciaturc curve may show many 
variations In some the temperature may fall to normal and remain so for 
as long as twelve hours Tins may occur early in the attack and is worthy 
of note as in a doubtful case with fever for some days such a record would 
seem to rule out typhoid fever Such mistakes make one cautious in attach- 
ing too much importance to such a drop (Fig 4) It is stated that in some 
cases an inverse type of fever occurs, higher m the mornmg than in the 
evening, said to be common m patients who work during the night and 
sleep in the day 

Sudden changes in temperature may occur These should always suggest 
the possibility of some complication but they are frequently seen without any 
cause being found With the baths there may be marked falls in temperature 
which as a rule do not last long With hemorrhage there is usually some 
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drop in tempeiature ^^hlch may be ten degrees A sudden fall is not eliar- 
actenstic of perforation, although it may occur, but just as fieqiiently there 
is elevation for a few hours w Inch may be follow'ed by a drop In the latter 
part of the attack there may be marked vaiiations Extreme Inperpyiexia 
is not common The temperature rose abo\e 10b° F in 64 out ot the 1,500 
cases and above 107° in 6 Just before death the tcmpeiatuie may rise to 
108° or 110° F 

The fe-\er of the relapse may be practically a repetition of that in the 
original attack with the same giadual step-hke ascent but in some the tem- 
perature maj rise rapidly (Fig 5) This is especially likely if the onset of 
the relapse is with a chill or with some complication The duiation of the 
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Sudden onset of relapse with chills 


fever in the relapse is usually shortci than in the original attack although it 
may be longer The fever of the iccrudescence is of short duration and 
rarely rises very high, 101° or 102° F being the maximum 
The temperature curve in convalescence may show two variations, one a 
slight peisistent fever and the other a subnormal temjieiatuie The slight 
fever, averaging from 99° to 100° F is often veiy tioublcsome, as it may last 
for w'eeks, sometimes w itli the patient steadily improving, at othei times w ith 
the condition almost stationary Such a type of fever ahvaj's demands 
frequent caieful examination to exclude a complication Plcuiisy, a slight 
phlebitis or a bone lesion may be the explanation Constipation is some- 
times a cause and many of these patients have a heavily fuired tongue In 
others too early an increase in diet is the cause of the fevei, as can be showm 
by going back to liquid food In others it may be due to a nervous condition 
or to amemia In children this slight grade of fever is more common and of 
less significance If a complication can be excluded, the patient’s general 
condition be good and the tongue clean, it is often w^ell to eithei discontinue 
the taking of the temperature or take it only once or twuce a day In such 
cases the diet can usually be increased wuth safety 

Hypothermia in convalescence is quite common For days the tempera- 
ture may not rise above 97° F This is seen especially aftei proti acted 
attacks or w'hen there has been great emaciation It usually does not peisist 
for more than tw'^o weeks and is of no special significance It w^as present in 
168 out of 585 cases (28 per cent ) which were specially studied m reference 
to this point 
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Post-typhoid elevations are by no means uncommon and may occur at any 
stage of convalescence They were piesent in 92 of this senes They cause 
anxiety, as one always fears a complication They may be accompanied 
by chills but as a rule the only feature is the sudden sharp rise of temperature 
w^hich may be to 104° or 105° F It may fall to normal m a few hours or may 
persist longer, though rarely more than twenty-four hours It may be im- 
possible to find any cause, constipation, excitement or the eating of solid 
food may be factors (Fig 0) In some cases the elevations occur with 
chills 



Elevation of temperature and rapid pulse in convalescence due to the eating of fruit 


Chills — ^These are by no means infrequent and may occur under various 
conditions 

1 At Onset — ^This was the case in 334 of this series and often gives much 
difficulty m diagnosis, especially in a district where malarial fever is common 
They may also occur at the onset of a relapse 

2 With Comphcations — ^This may be at the onset of pneumonia, pleurisy, 
otitis media, perforation, hemorrhage, phlebitis, periostitis, suppuration, 
etc It is this which makes the occurrence of a chill during the course always 
a disturbing matter on account of the fear that it may be due to some com- 
plication They may occur in instances of “septic infection ” A chill may 
occur with hyperpyrexia sometimes without any explanation 

3 In Convalescence Without any Comphcation (Fig 7) —It is difficult 
to give the cause in the majority of these There may be repeated chills vnth 
high elevation of temperature In one of this series at the time of each chill 
tj'phoid bacilli were grown from the blood (Fig 8), and tins may be the 
explanation for some of them Constipation has been suggested as a cause 
but this seems doubtful 
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4 With Treatment by the Antipyretic Drugs —Tins is not rare, cspc- 
ciall} if the coal tar pioducts are given The application of giiiacol may 
cause them Special attention lias been dravn to this by Janeway 


Fio 7 



Recurring chills late in the attack 


5 In some cases they occur at mter\als through the entire couisc, per- 
haps vith profuse sweating, and no explanation is found 

6 During convalescence they ma}' occur in the rare instances of combined 
infection with typhoid and malaiial fevers, and sometimes after scvcie 
attacks 

Fig 8 



Chill during con\ alescence associated with typhoid bacilli in the blood 

7 After the injection of serum 

The character of the chill in any of these may be very severe, and profuse 
sweating may follow Their occurrence should always suggest a careful 
examination for a possible complication In some they may be due to a 
secondary mfection 
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The Skin — ^The skm manifestations are especially important for diagno- 
sis Tlie characteristic rash appears in the form of small, rounded circum- 
scribed red areas, termed the roseola or rose spots They are slightly raised, 
of a pale-red color at first, later becoming darker They can usually be felt by 
the finger, disappear on pressure and as a rule are discrete, although in rare 
instances they may coalesce The diameter averages from 2 to 4 mm 
They usually appear from the seventh to the tenth day and are rarely seen 
at the beginning of the attack They generally come out in successive crops, 
and after a few days, usually three to five, fade away, not infrequently 
leaving behind a faint brownish stain The rash is very variable in its time 
of appearance, duration and extent It may not appear until late in the 
attack or even after the temperature has become normal, as in 21 cases of 
this series The longest interval behveen the beginning of apyrexia and the 
first appearance of the rash was fourteen days It is well to keep this in 
mind, as the advocates of special methods of treatment have laid great stress 
on the first appearance of the rash after the temperature had become normal 
Occasionally the rash may not be present in the original attack but comes 
out in the relapse as in 3 cases of this series The length of time during 
which successive crops may appear is variable There may be only a few 
spots seen at one time or there may be an abundant eruption throughout the 
whole course of a long attack In some patients ivith the rose spots present 
during pyrexia, fresh ones may continue to appear after the temperature is 
normal The number of spots is also very variable In some only 3 or 4 
may be found during the whole attack or they may be present m large 
numbers Perhaps 10 to 20 may be given as the average number present at 
one time but they may be very numerous, even 200 or more The position 
of the spots shows considerable variation As a rule they are most abundant 
on the abdomen and lower thorax but are not uncommon on the back and 
should always be carefully looked for there if none are found on the front of 
the body Li some they may be seen on the neck and face, on the arms and 
hands, or on the legs They may be found only on the arms and about the 
thorax A very profuse eruption is not necessarily associated with a severe 
attack The general character of the rash may vary from year to year, 
during one season rose spots may be very few, while in almost every patient 
in the following year the rash may be profuse 

There is rarely much difficulty in the recognition of typical rose spots but 
at times there may be some question as to the nature of suspicious spots 
It is helpful to mark them so that they can be observed on succeeding days 
Similar spots may be found with trichinosis and have been reported in acute 
miliary tuberculosis but with these diseases they apparently do not come out 
in successive crops An atypical tjqihus fever rash may much resemble that 
of typhoid fever Insect bites should not be mistaken as they usually show 
a central point of hemorrhage A few acne-hke spots may give the greatest 
difficulty in recognition 

Rose spots were present in 1,205 of this series (80 per cent ) This included 
both white and colored patients, among the 1,233 white patients they w^ere 
found in 1,150 (93 2 per cent ) -while among the 267 colored patients they 
w'ere found in 55 (20 6 per cent ) In the very dark colored patients it is 
not often possible to recognize them but they can be seen in those wuth lighter 
skins as darker areas on the surface Palpation is sometimes an aid in their 
recognition The rash was noted as exceptionally profuse m 164 patients 
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Of these it was on the arms in 81, forearms m 17, hands in 3, thighs m 43, 
legs in 15, about the knees m 3, ankles in 1, feet m 2, shoulders m 9, axilla 
m 1, neck in G, face in 5 and on the scalp in 2 

In some patients the rose spots may be capped by small vesicles, and sub- 
sequentlj' scabs may form over these Some writers describe “pustular 
rose spots ” Pustules are often found on the buttocks In a certain number 
purpuric spots appear, as m 38 of this series The rose spots may become 
purpuric or may be hemorrhagic on the first appearance, apart from those 
seen in the hemorrhagic type Tow’ard the latter part of the attack there 
maj be quite marked desquamation This i aries considerably from year to 
year, and in the last tw'o years here, it has occurred m an unusual number 
of cases It may sometimes be quite marked over the abdomen even w hen 
no local application, such as turpentine stupes, has been used 

Among other skin lesions in tjqihoid fever the following may be noted 

1 Erythema — It is not uncommon to find areas of erythema early m the 
disease, which may be specially about the joints It is of no special signifi- 
cance although 111 rare instances it may give difficulty m diagnosis at the 
onset It w as present during the course of the disease in 15 of this series 
If drugs, such as quinine, are given, er 3 i:hcma may be more frequent 
Erj'thema nodosum may be present, in one patient it appeared at the onset 
Erythema multiforme has been reported Unusual rashes have been de- 
scribed, as in a patient of Rolleston’s, who under the name of “an anomalous 
superficial dermatitis’’ reports a curious eruption wdiich began as erjdhema- 
tous macules and later w'as suggestne of psoriasis Ecthyma was present 
in one patient of this series, wdio possibly had congenital syphilis It dis- 
appeared under iodide of potassium 

2 Urticaria — ^This occurs rarely and is more likely to be present w hen 
drugs are given It w'as noted in only 2 of this series 

3 Hemorrhagic Rash — Some variety of this is not uncommon In 38 
cases purpuric spots w'ere noted, in the majority of these, typical rose spots 
first appeared which later became hemorrhagic In 9 cases the rash w'as 
regarded as hemorrhagic, 3 of these being the hemoiihagic type of the 
disease In severe cases ecchymoses may appear, especially in the dependent 
parts 

4 Herpes — This is rare, especially in comparison wnth its frequency in 
various other febrile afltections It w^as noted in 20 cases of this series, of 
w'hich 18 were at the onset As a rule herpes appears in the first w'eek and is 
on the lips, but it has been reported elsewhere on the body 

5 Pemphigoid Rash — ^This w'as noted m one case 

6 Pehomata or Taches Bleuatres — ^These are bluish gray subcuticular 
areas from 4 to 10 mm in diameter They are situated most commonly on 
the lower abdomen, the pubic region and upper thighs For a long time 
considered as almost specific evidence of the disease, it is established beyond 
a doubt that they are ahvays associated with the presence of pedicuh and are 
not peculiar to typhoid fever The importance attached to them as a supposed 
sign of the disease is a striking example of the fallabihty of human observa- 
tion and judgment 

7 Miliary Eruption — This occurs fairly frequently in typhoid fever, 
in the form of round vesicles usually about the size of the head of a pm and 
occasionally showing coalescence If profuse the rash gives a very striking 
appearance No special significance is to be attaehed to its occurrence 
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As a rule the eruption is most marked- on the abdomen and sometimes 
on the chest 

8 Ulcers —In a few instances, especially m children, these may be 
multiple, varying in diameter from 3 to 10 mm In one patient they were 
very numerous and no cause for their formation could be found 

9 Gangrene —This may occur in special epidemics but as a rule is a 
rare complication There may be multiple areas of superficial gangrene of 
the skin and in children noma may occur It occasionally happens that a 
small area of superficial gangrene occurs on the abdomen if an ice-bag has 
been kept applied for a long time 

10 Furuncles — ^These are troublesome and by no means rare Their 
most frequent situation is on the back and about the shoulder and gluteal 
region, although they may be found anj^vhere, as m the auditory canal v here 
they cause much suftering They may be present during the fever, especially 
in protracted attacks, but are most likely to appear m convalescence As a 
rule more troublesome than dangerous, yet they may cause great suffering 
and m debilitated individuals prolong convalescence While rarely the 
cause of death, yet m some cases there seems no question as to their being the 
source of a terminal general infection The organism found in the boils is 
usually either a streptococcus or a staphylococcus The typhoid bacillus v as 
not found in any of this senes, jilthough there are some cases in the literature 
The occurience of boils is thought by some writers to be more frequent with 
the bath treatment It is certainly important when baths are bemg given to 
isolate the tubs which are used for the patients with boils 

11 Abscesses — ^These may occur during the attack but are more frequent 
toward the latter part of the illness and during early convalescence They 
are sometimes responsible for elevations of temperature The character and 
size of the abscess may vary greatly There are some which are small and 
superficial and much like boils They are not uncommon in the perirectal 
tissues If h_)'podeimic injections or saline infusions have been given, 
abscesses may form about these situations especially m debilitated individ- 
uals 

12 Bed-sores — ^The frequency with which these occur has steadily 
diminished w ith better care and nursing As a rule they occur in the sacral 
regions but m rare cases may occur on the heel, in the scapular region or 
about the elbow They are less common under the bath treatment In- 
continence of urine or fieces strongly predisposes to their development w-hile 
patients w ith hemorrhage who are kept absolutely quiet are prone to them 
The physician should make it a part of his routine examination to examine 
the back every day 

There are different kinds of bed-sores The commonest is that w-hich 
occurs m the sacral region The skin show's a little redness, then there is 
some loss of superficial tissue wnth discoloration beneath and usually after 
this a line of demarcation appears follow'ed by the separation of a central 
slough The amount of damage is very variable, only the skin and sub- 
cutaneous tissue may be involved or the process may go much deeper It 
often happens that sound skin has been undermined and much more destruc- 
tion has occurred than appears on the surface Another type is termed by 
Cursclimann the subcutaneous one, w’hich does not alw-ays develop in areas 
subjected to the greatest pressure As a rule the process begins in the sub- 
cutaneous tissues, the skin gradually becomes discolored, softening goes on 



THE SYMPTOMS OF TYPHOID FEVER 


119 


and finally there is the discharge of dirty, often sanious, pus There may be 
several discharging sinuses and in such cases theie may be destruction of a 
large amount of tissue and the necrosis extends to the bone This is espe- 
cially likely to occur m the profoundly toxic patients It is doubtful in 
certain patients if any care can prevent the development of this form of 
bed-sores and it seems well to emphasize this, as the statement occasionally 
made, that the nurse is al^^ays to blame when a bed-sore develops, is not 
true 

13 Linese Atrophicae — ^These may appear very abundantly, as after any 
acute illness They are especially frequent over the lo\\er abdomen and 
thighs but may be seen about the shoulders or luiees Certain cases may be 
due to neuritis but as a rule they are probably the result of mechanical 
changes 

14 Hair and Nails — It is very common for the hair to fall out after the 
attack This seems less likely to occur if it has been cut short at the beginning 
of the illness If the hair has been lost the new growth takes place sloi\ ly 
Permanent baldness has occurred but is rare The nail usually shows a 
marked groove wdiich appears as the nail grow s out 

15 Odor — In some patients there is a very characteristic odor w Inch 
IS often described as mousy or having a musty quality It is sometimes most 
noticeable in the palms of the hands Under actu e hydrotherapy it is proba- 
bly less frequent but seems to be a peculiarity of certain patients and may 
be present during the attack and w'cll into convalescence Some of the older 
writers attached great importance to it in diagnosis 

16 Sweating — ^This is not common at the onset, especially if there be 
chiUs or chilly sensations During the course it is rare except wuth some of 
the complications With hemorrhage or perforation the patient may sw'eat 
most profusely In convalescence it may occur W'lth the post-typhoid chills 

17 Pigmentation of the Hands and Feet — In some patients there is a 
marked yellow color of the palms of the hands and soles of the feet, wdiich is 
usually most marked tow’ard the latter part of the attack It does not seem 
to have any special significance 

The Digestive System — The mouth usually show's certain changes 
There is a tendency to diyness of the mucous membrane and often some 
swelling of the tongue wdiich show's indentations of the teeth The tongue is 
usually coated with a white fur which later on may become veiy thick In 
severe cases the tongue becomes dry, coveied w'lth a dark fur and may show 
fissuies which ble^d readily With this the teeth may be coveied by sordes 
and also the lips, w'hich may be cracked and bleed These are due to several 
factors, the fever, lessened secretion, bieathing through the mouth and 
diminished movements of the tongue With the giving of laige amounts of 
water internally, and regular attention to the mouth locally, the tongue may 
remain moist and only lightly coated while the lips remain piactically 
normal The condition of the mouth is often a good index of the care which 
the patient is receiving In very severe attacks when the care of the mouth 
has been neglected, thrush may develop This may involve the mouth and 
pharynx A diphtheroid membrane may be found In one patient of this 
series there w'as a diphtheritic membrane on the hp from w'hich the Klebs- 
Loeffler bacillus was obtained Stomatitis occurs occasionally and ulceration 
of the mouth and circumscribed gangrene have been noted Noma occurs 
rarely, usually in children 
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Acute Glossitis — ^This is rare and occurred only once m this senes at 
the onset of a relapse This complication is not likely to be serious, as the 
swelling can be readily diminished by mcision into the tongue or by drawmg 
blood from it by a needle 

Parotitis. — ^This is an important complication which occurred in 14 of 
this series ( 9 per cent ), which is about the frequency found m larger 
statistics Among 12,173 cases (London Fever Hospitals, Hoffmann, J 
McCrae and the present senes) it occurred m 93 ( 7 per cent ) It is thought 
to have become larer m lecent years owing to the greater care given to the 
mouth It IS moie likely to occur in severe attacks The mfection may be 
by direct extension along the duct fiom the mouth or through the blood It 
may be part of a general infection, a general infection may follow it, or serious 
intracranial complications, such as thrombosis, may result It usually 
appears in the third week or later, and in some instances during convales- 
cence The clinical features do not differ from secondary paiotitis under 
other conditions and as a rule it is unilateral If both parotids are mvohed 
one usually follows the other The swelling appears fiist behind the angle 
of the jaw and may increase very rapidly The skin over it is usually red 
and there is marked induration and tenderness There may be a chill with 
the onset and the tempeiature usually becomes higher There is generally 
severe pain The course is variable and m some the swellmg subsides but in 
others suppuration or gangrene occurs Early incision is advisable if there 
are any signs of suppuiation Marked necrosis is found in some and the 
greater part of the gland may slough away There are instances of extension 
of the piocess to the structures of the neck, even to the mediastinum 

The organism present is usually either the streptococcus or staphj^oeoccus 
The typhoid bacillus may be associated with these or found in pure culture 
In some cases on early incision no pus is found but cover-slips and cultures 
show large numbers of streptococci Typhoid bacilli were not obtained in 
any of this series It may be possible to obtain cultures from the parotid 
duct, a very fine sterile glass tube may be introduced into the duct and a 
wire passed inside of this fiom which the cultures are made 

The condition is serious Death occurred in 5 among 14 cases in this 
senes and the mortality of icported cases is about 30 per cent This is partly 
due to the occurrence of parotitis in severe attacks In case of recovery the 
swelling usually persists for about a week After recovery there may be 
persistent enlargement and induration of the gland In some instances there 
may be deformity from the amount of destruction, and facial paralysis has 
been noted In one of this series persistent siveatmg m the parotid region, 
during eating, followed an abscess 

Submaxillary Glands — ^These may show involvement as in 4 patients of 
this senes, of whom 3 died Streptococci were found in 2 and typhoid bacilli 
and staphylococci in 1 In 1 a marked angina followed and in 1 both glands 
were in\olved As a rule, involvement of the submaxillary glands is not as 
serious as parotitis 

The Pharynx — Involvement of the throat is rare m typhoid fever Early 
m the disease there may be slight inflammation with congestion, or mem- 
branous pharyngitis may appear later Usually in severe cases the pharynx 
shares in the drjmess of the mouth and may then be covered with a very 
tough mucus which the patient is unable to cough up and which often gives 
a great deal of discomfort There are mstances of ulceration of the palate, 
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tonsils and pliar}Ti\, wliicli may occur early in the attack and in 3 out of 4 
such cases lepoited by Maiquordt fiom Ebstein’s clinic, t 3 "phoid bacilli were 
obtained Probably they ^^ould be moie fiequently noted if loutine exam- 
inations of the phar} n\ eie made ith moic care Diphtheria may co-exist 
■« ith the typhoid infection and Klebs-Locffler bacilli be found Hemorrhage 
has occurred fiom the tonsil 

Angina — This is exceeding^ rare and may extend from lesions in the phar- 
pix or, as in one of this senes, from a submaxillary gland The swelling m 
the neck may be extieme, it is apt to ha\e a boggy resistant feel and there 
may be some interference iMth respiration The only instance m this senes 
■n as a young adult u ho died suddenly without any signs of obstruction m 
breathing There were numerous small foei of suppuration thiough the 
structures of the neck 

The (Esophagus — Lesions here are rare and ere considered to be more 
important by Louis (mIio found ulcers in 7 among 46 cases) than peihaps by 
any subsequent writer In the .autops}”^ records of 2,544 cases (Munich 
Ouskow, and the present series) ulcers vere found in the oesophagus in 4 
They Meie present m 3 of 105 autopsies m this senes Typhoid bacilli have 
been found in the u’cers and there seems no reason to doubt that the ulceis 
in some cases are specific although in others they are due to secondary' infec- 
tion They maj' cause difficulty in swallow ing but this may be due also to 
lesions in the phar^ nx Their presence may be suspected w hen the patient 
seems to suffer pain w hen sw alloiving, although he may be so toxic as to make 
no complaint Hiematemesis may occur (Esophagismus has been reported 
without any cause being found at autopsy Supeihcial erosions have been 
found at autopsy but it is doubtful if the}' cause any symptoms In 2 of this 
series at autopsy a diphtheroid membrane w'as found on the cesophagus and 
in 1 there w'as an acute oesophagitis w'lth hemorihagic areas and much 
destruction of the mucosa 

Stricture of the oesophagus is one of the rare sequels of the disease There 
W'as one instance in this series Several cases are reported in the hteratuie, 
the history usually being of difficulty in sw'allow'ing coming on during conva- 
lescence and first noted wdien solid food W'as taken The condition has been 
relieved by dilatation or operation 

The Stomach — As a rule gastiic disturbances are not common At the 
onset there may be nausea and vomiting, especially in children, but these 
rarely persist, although protracted A'oraiting occurs occasionally Sometimes 
gastric distress is complained of without either severe pain or vomiting 
Hiccough is rare and generally associated w'lth a complication, especially 
perforation During the height of the disease vomiting occurs so seldom 
that we regal d it as suggestive of a complication It may be from improper 
feeding, too much w'ater or the giving of drugs Occasionally vomiting is 
due to ulcers in the stomach from which bleeding may occur and erosions 
may be found at autopsy from w'hich it is possible that there may have been 
oozmg Hjematemcsis occurred in 4 of this series In rare cases an 
ordinaiy round ulcer may be present and in one patient death w'as due to 
hemorrhage from a simple gastric ulcer Perfoiation of a typhoid ulcer 
in the stomach has occuired Rare instances aie reported of severe vomiting 
during convalescence, w'hich has led to a fatal termination In convalescence, 
dietetic errors may be lesponsible foi nausea and vomiting There may be 
marked distension of the stomach W'lth gas, often associated w'lth intestmal 
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meteonsm, which may cause marked interference with breathing Acute 
dilatation of the stomach occuired as a terminal event in one patient 

As a rule theie is complete loss of appetite, usually fiom the onset as in 
825 of this series, and almost invaiiably during the course In some instances 
the patient may have a fair appetite throughout the Avhole attack or even be 
extremely hungiy 

Intestines — ^The intestmal features may vary greatly from year to year 
but it should always be kept in mind that disturbances may be due to med- 
dling The less interference there is with the bowels, the less trouble there 
will be with them During the course of the disease the bowels were regular 
in 465 (31 per cent ) and constipation was piesent in 766 (51 per cent ) of 
this series, making a total of 82 per cent ivithout any mtestinal disturbance 
The diet is an important mattei and distuibed conditions of the bowels may 
be due to impropei feeding hluch importance has been attached to the 
guigling so frequently found m the right iliac fossa, often accompanied with 
slight tenderness but it is doubtful if this is of any moment The same 
condition is found in other diseases 

The stools should be examined as a routine In many patients the gross 
character shows nothing characteristic If the bowels are loose we usually 
see Avhat is regarded as the typical typhoid or “pea soup” stools These are 
peculiar in appearance, thin, of a biownish color and may have a curious, 
almost characteristic, odor After standing they separate into two layers, 
the upper liquid and the lower more solid Microscopic examination may 
show portions of sloughs and red blood cells Occult blood is not uncommon, 
usually m the third or fourth week It may be found some days before a 
hemorrhage and at times well into convalescence Occasionally green stools 
are passed, the color bemg due to biliverdin 

Diarrhosa — ^This was present during the course m 260 patients (17 4 
per cent ) and in less than one-third of these was it severe The number of 
stools with diarrhcea is usually from 4 to 6 po diem though as many as 10 or 
even moie may be passed but this frequency rarely lasts long The diarrhoea 
which IS so frequent at onset — 34 4 per cent — is usually explained as being 
due to simple mtestinal catarrh but the aetion of purgatives and the influence 
of diet must be added Impure milk may be the eause and broths or beef 
tea frequently seem to set up diairhoea Duiing the course of the disease it 
may be due to ulceration Instances of very severe persistent diarrhoea are 
sometimes associated with extensive ulceration in the colon In some 
patients the diarrhoea is thought to be of a toxie charaeter Severe diarrhoea 
must be regarded as a grave condition for it usually means deep ulceration 
and severe toxaemia In some cases the stools have a dysenteric character 
This IS usually associated with sev'ere lesions in the colon which may be 
diphtheroid 

Constipation — This was the rule m 766 of the series (51 per cent ) It 
seems to be the most favorable condition for the patient If the bowels are 
not moved frequently enough by enema, fiecal impaetion may oceasionally 
occur but this can be prevented by eare Abdominal pain during the course 
and slight elevations of temperature in convaleseence may be caused by 
constipation but are easily managed 

Meteonsm — ^The desciiptions of the older writers suggest a frequency 
much greater than we have today Not frequent early in the disease, as a 
rule it IS most common at the height of the attack when it is of considerable 



THE SYMPTOMS OF TYPHOID FEVER 


123 


gravity because it indicates severe to\iEmia and jirobably increases the 
dangers of othei intestinal complications By its mechanical pressure on the 
diaphragm it may seriously interfere with lespiration and the action of a 
weak heart The distension is usually greatest m the colon but the small 
intestine and the stomach may be involved The influence of opium m 
favoring the production of meteorism must not be forgotten, and is one of 
the arguments against its use m typhoid fever Abdominal pain, hemor- 
rhage and perforation may all occur with distension 

Abdominal Pam — ^This is present m a large number of cases at some 
period of the attack With the onset it occurred m 443 or 29 5 per cent 
which does not include the cases in which tenderness only was present A 
series of 500 cases was specially studied with reference to this sjonptom with 
the following results 

1 Without pain or tenderness at any tune — 206 or 41 per cent In this 
group were instances of several of the abdominal complications but none of 
perforation Nine cases of hemorrhage and 1 of abscess of the liver were 
included As a rule the cases were of a mild type as was shown by the small 
number of deaths, namely 8 

2 With tenderness but no pain — T2 or 14 per cent These showed no 
special featuies, the common position of tenderness being the right iliac fossa 

3 Pam present — 222 or 44 per cent In 61 of these the pam was present 
only at the onset, winch leaves 161 or 32 per cent v ith pam dm mg the course 
Some patients may be so dull or delirious that no complaint of pain is made 
but if they are carefully watched some indications can often be observed 
The conditions under which pain occurs may be grouped under several 
heads 

{a) Those winch ai e apai t jrom any lesion of the disease, such as hysteiia, 
neurotic conditions, hyperiesthesia, lung and pleural conditions, pericarditis, 
hepatic or renal colic, d istensio n of_ the bladde r, cystitis, menstruation, labor 
and abortion Pain in neurotic patients occurs at times without any cause 
being found It is more common in those who aie active and alert mentally 
than m those who are dull and stupid Pneumonia and pleurisy may cause 
abdominal pain as they sometimes do apart fiom typhoid fevei Distension 
of the bladder is not uncommon but the patients rarely make complaint of 
pain In the rare cases in women when menstruation is present, there may 
be pam The conditions of this group are usually readily recognized and 
the most important factor in this is a careful examination 

(6) Conditions of the Alimentai y Tiact Apart fwm Complications — ^These 
include improper feeding, vomiting, colic, diarrhoea and constipation 
Severe pain may follow the taking of solid food during the course Pam with 
vomiting always suggests some complication When it occurs with diarrhoea 
it may be like that of colic and not continuous, being felt ]ust before the 
stool or while the bowels are moving Pain due to constipation may be 
caused by fecal impaction which is a cause more often toward the end of 
the attack The giving of an enema or an irrigation may cause pam The 
recognition of the cause is usually not difficult m this group 

(c) Abdominal Conditions Apart from the Specific Bowel Lesions — Among 
these are appendicitis, peritonitis (other than that due to perforation), 
cholecystitis, intussusception, mtestinal obstruction, meteorism, liver 
abscess, suppurating mesenteric glands, painful spleen and phlebitis, espe- 
cially of the iliac vems Pam due to the first three requires no discussion. 



124 


INFECTIOUS DISEASES 


Obstruction of the bowels is rare in typhoid fever Pam in the region of the 
spleen is not uncominon and may be piesent even when the spleen is not 
palpable Old adhesions may be a factor The pain of iliac phlebitis may 
be veiy seveie and not yield readily to ordinary treatment In 2 patients of 
this series the abdomen was opened for this cause The recognition of the 
cases in this group may be most difficult and in some an exploration is the 
only means by -which it can be determined Fortunately for many of these 
doubtful cases lapaiotomy is essential foi treatment 

{d) Hcmonhage and Peijoiahon —These will be discussed m the special 
sections dealing with them 

(e) W'lihoui any Cause Being Found — ^This is a large and important 
group, including 70 of the 161 cases Avith pain In eertain of these the pain 
was severe but as a rule not prolonged Some are of speeial interest, m that 
with marked abdominal features tlieie was a leukocytosis varying from 
10,000 to 17,000 Exploration m one shoived no cause, m anothei signs of an 
early peritonitis were found In 2 no cause could be found at autopsy 
The exploration m the majority of this group is difficult to give A local 
peritonitis must be lare and at the most could only account for a small 
number That deep ulceration is a frequent cause of pam does not seem 
likely Certainly it is not constant -wmen we remember the number of 
patients with deep ulceration at autopsy but without any pam during life 
It may be that the inflamed serosa over an ulcer causes pam, but this is not 
usual judging from expeiience with patients operated on under cocaine, "who 
as a rule do not make any complaint of pain when the peritoneum over an 
ulcer IS touched In one patient any pressuie at ojieration over one ulcer 
gave seveie pam although his eyes weie bandaged so that he could not see 
when the bowel was touched Whether enlarged mesenteric glands may be 
a cause of pam is hard to decide Patients operated on under cocaine have 
not made any complaint when the glands were touched 

No explanation can be given in many of the cases In the inflammatory 
conditions, distended bladder, etc , the reason is evident But why there 
should be pam with hemorrhage or distension is not elear Ljonphangitis 
has been suggested as an explanation in some instances Patients who have 
had pain foi some days and then have a sudden increase give difficulty m 
diagnosis In these instances of pain for some days before perforation, it 
may be suggested that this was due to the so-called "preperforative stage” 
but of this we have no proof 

The occurience of abdominal pam should al-w ays be regarded as a danger 
signal, demanding careful examination The “extra-abdominal” con- 
ditions are usually easily ruled out, the others may give great difficulty The 
patient should be studied with perforation in view — it is well to be prepared 
to recognize the most serious possibility If there are marked features 
suggestive of a complication and the attendant means to operate himself, 
everythmg should be m readiness so that no time may be lost if the need 
arises If a surgeon is to be called, he should be given the chance of seeing 
the patient early so that he may be able to decide not only whether he shall 
operate or not but when To call the surgeon after general peritonitis has 
appeared is not fair to the patient or to him 

One othei point deserves emphasis — opium should not he given foi alA 
dominal pain in typhoid fcvci Give opium and all chance of early recogni- 
tion of the most important complication is gone A quotation from Macauley 
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may be given although he was vnting of different conditions '‘Profound 
and ingenious policy Instead of curing the disease, to lemove those symp- 
toms by ^^hlch alone its nature can be known To leave the serpent his 
deadly sting and deprive him only of his warning rattle ” 

Hemorrhage —As a rule we only consider bleeding from the bowels under 
this heading, although in lare instances— 3 of this series— there may be 
profuse gastric hemoirhage, apart from that in the hemorrhagic type or from 
an ordinary gastiic ulcer It is ^^ell to make a distinction between the cases 
in V Inch only a small amount of blood is passed and those m which there is a 
considerable quantity, as it is by no means rare for patients to pass small 
amounts of fresh blood with a stool This may be m the foim of streaks 
over the surface of the teces from hrcmorrhoids or a fissure This is usually 
small in amount and of a bright red coloi Such should not be considered as 
hemorrhages Occasionally patients pass small amounts of altered blood or a 
single small clot, the amount of blood not being more than a few cubic 
centimeters If the stools are carefully examined these will be found fairly 
often but such can hardly be termed cases of hemorrhage There is always 
difficulty in comparing the statistics regarding hemorrhage unless it is 
stated M hether or not this group is included However these patients should 
always be v atched carefully as one is never sure that severe hemorrhage may 
not follow later 

The frequency varies m different statistics and the average of a large 
number of cases is about 7 per cent It occurred in 118 cases of this series 
(7 8 per cent ) J McCrae, among 717 cases in the Montreal General 
Hospital found it m 72 (10 per cent ), Strumpell in 45 of 472 cases, Cursch- 
mann m 103 among 1,626, Gieisingei 32 among 600, Homolle collected 
465 among 10,000, and the London Fever Hospitals had 706 among 8,356 
cases Among the total of 23,271 cases there \\ere 1,641 of hemorrhage 
(7 per cent ) The figures may vary widely from year to year in the same 
clinic Certain families seem to be very prone to it Children rarely have 
hemorrhage 

A distinction should be made between the early hemorrhages, which are 
rarely serious, and the more frequent later ones The former are probably 
due to oozing from the hyperiemic patches and the amount is usually small 
It may have been the prevalence of this variety which led some of the earlier 
writers, such as Graves and Murchison, to regard hemorrhage as some- 
times almost favorable The ordinary hemorrhage during the course is a 
serious complication The amount of blood lost may vary from a few 
cubic centimeters to a liter and there may be one large hemorrhage or 
repeated ones of varying amount The patient’s general condition may 
show no change or he may become exsanguine and be in a state of pro- 
found shock, with subnormal temperature, profuse sweating, cold extrem- 
ities and a rapid feeble pulse There are all variations between these two 
extremes 

The time of most frequent occurrence is toward the end of the second and 
through the third week Of the cases m this series m which the time of the 
first hemorrhage was definitely known, 1 was in the first week, 22 m the 
second, 38 in the third, 20 in the fourth, 13 in the fifth, 4 m the sixth and 1 m 
the seventh week The latest day was the forty-third In one patient the 
temperature had been normal for eleven days before the occurrence of a 
hemorrhage of 200 cc In another a hemorrhage of 500 cc was on the last 
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day of fe\er in the primary attack, a relapse beginning five days later They 
may occur with the temperatuie almost noimal (Fig 9) The greatest 
interval between the first and last hemorrhage was fourteen days, in a patient 
vho lost small amounts on the eighth and twenty-third days In another 
there were five large hemorrhages between the twenty-fourth and thirty-eighth 
da 3 fs Another with seven hemorrhages between the tu elfth and twenty-fifth 
daj's lost 2,250 cc It seems to occur relatively mfrequently m a relapse 
(only in 2 of this series among 173 cases) 



Sliowng repeated liemorrhagea with the temperature almost normal before their appearance 

The number of hemorrhages varies Of the cases with definite notes, 1 
hemorrhage occurred in 48, 2 in 18, 3 in 11, 4 in 8, 5 in 6, 6, 7 and 10 m 2, 8, 
9 and 11 in 1 each In 6 the bleedmg was more or less continuous and the 
number could not be estimated The passage of blood from the bowel is 
the only positive proof we have of hemorihage but this does not necessarily 
give a correct idea of the bleeding, for after repeated small hemorrhages only 
one bloody stool is passed, or part of the blood from one hemoiihage is passed 
fairly fresh and the remainder much altered several days later The largest 
total amount passed by any of the patients was 2,550 cc in five hemorrhages 
during a period of fourteen days Another lost 2,000 cc m three hemor- 
rhages Twelve lost over a liter of blood 

As regards any exciting cause for hemorrhage we can say little It may 
be the first symptom m an ambulatory case With careful feeding the diet 
does not seem likely to be a cause, although it is possible that the taking of 
solid food too early might have some influence There is no proof that 
hemorrhage occurs more frequently under the bath treatment Sometimes 
blood may come with an irrigation or enema as happened m 12 patients (not 
including those m which the enema was given some days after a hemoirhage 
and brought away altered blood) but m none was the quantity ovei 100 cc 
There is usually no warning of hemorihage beforehand At times it is 
suggested by the patient suddenly becoming very restless, an altered appear- 
ance or sweatmg Sometimes the pulse shows a marked change, not so 
much m the rate, although this may be increased, as m a curious bounding 
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quality, -whicli may make one almost suie that hemorrhage has occurred, 
houis before any blood is passed from the bowel 

The symptoms depend on several factors, the condition of the patient, the 
amount and rate of the bleeding and the number of hemorrhages Thus m 
a strong, robust individual one moderately large hemorrhage or several 
small ones may have no effect on the geneial condition vhile in one who is 
debilitated a moderate loss may make a profound change Howevei, even 
a moderate hemoirhage usually has some effect on any patient In an 
average case there is pallor, the surface and e\tiemities are cold and sweating 
may be present Vomiting, sometimes of blood, may occui The patient 
may complain of weakness The temperatuie usually falls and the drop 
may be as much as 10° and to below noimal Still e\ en a sharp hemoiihage 
may have no effect on the temperature The pulse rate rises and v ith it the 
quality alters At first sometimes bounding, later it becomes small and 
lunning The blood pressure falls usuall}' to SO or 90 mm Hg Thelovest 
record m this series was after one sudden hemorrhage of nearly a htei when 
the blood pressure fell to 55 mm Hg The changes in the blood count 
depend on the previous condition and the amount of blood lost There is 
natuially a rapid drop in the haimoglobm and number of red cells The fall 
may be marked, thus in one patient^ after severe bleeding the luemoglobm 
fell from 82 to 40 per cent and the red cells fiom 5,000,000 to 3,300,000 In 
another anaemic patient the haemoglobin fell from 56 to 27 per cent and the 
red cells from 3,000,000 to 1,900,000 within a day The numbei of leu- 
kocytes may not be altered If an increase occurs this is usually not extieme, 
the count rarely exceeding 15,000 per cmm The highest in this series was 
27,900 per cmm The maximum is usually attained within twenty-four 
hours, and there is generally a retiiin to normal vithin a week In one the 
leukocytes fell from 11,300 to 3,700 in four days 
A point of importance is the coagulation time of the blood in patients v ho 
have hemorrhage The aveiage foi 108 patients of this series, none of whom 
had hemorrhage or jaundice, was 3 5 minutes Of these only 7 (6 5 per 
cent ) had a coagulation time longer than five minutes and only 4 of these 
were over six minutes In 3 of these the time was reduced to normal by 
the use of calcium salts The average coagulation time of 22 patients with 
hemorrhage was 4 2 minutes It was ovei five minutes in G (27 per cent ) 
and 5 of these weie over six minutes In nearly all of these the time was 
reduced to normal by the use of calcium salts These figures are too small 
for positive conclusions but are suggestive Severe hemorrhage occurred 
in patients with normal coagulation time but nearly all the patients with very 
prolonged coagulation time had profuse hemorrhage 

Abdominal pain with hemorrhage is not uncommon and may be severe 
In some it has been present for two or three days before but this may have 
been only a coincidence After a hemoirhage it is best to avoid any more 
examination of the abdomen than is necessary and palpation should be very 
light The time when the bleeding actually occurred and the passage of 
blood from the bowel may be hours or days apart but an idea of the interval 
" can often be obtained by the appearance of the blood In the large single 
hemorrhages the stool is usually fluid and reddish m color and in estimating 
the quantity of blood one must remember how much color a small amount 
of blood can give to a considerable quantity of liquid In other instances 
the stool may consist of fluid and clotted blood The occurrence of clots 
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15 often regarded as indicating profuse sudden bleeding, piobably from a 
large vessel In repeated hemorrhages the blood may be fresher in each 
successive movement from the bowels If the blood remains some time in 
the bowel it may be much altered and passed as dark clots The finding of 
these in the stools is sometimes the first indication that hemorrhage has 
occurred 

The results are very various and there is no doubt that some patients do 
seem to be benefited These are usually robust and not very toxic The 
temperature may be lowei, the pulse not increased or even decreased in rate 
and the whole character of the attack milder There are two forms which 
stand out, the large single hemorrhage with marked effects and the lepeated 
smaller ones The former is rarely fatal for the danger comes from repetition 
and comparatively few die directly from the bleeding In collecting sta- 
tistics of the fatality of hemorrhage there is one source of error as, if all are 
included who had hemorrhage followed by death at any interval, a false idea 
of its danger is obtained Thus a patient may have hemorrhage and die a 
week later from perforation or after two or three weeks from toxmmia and 
asthenia, the hemorrhage having contributed only to influence the general 
condition, or a patient who is very toxic may pass a small amount ot blood 
and die soon after but it is doubtful if the hemorrhage should be considered 
as the cause of death The figures given by writers vary widely but the 
usual statement is that 20 to 30 per cent of the patients die Curschmann 
gives 38 per cent for his Leipsic senes Among 118 cases in this senes there 
■were 12 deaths, only 10 per cent Of Strumpell’s 45 cases, death icsulted 
from the hemorrhage in 8 and 11 died aftei a time The figures may vary 
greatly in different years in the same clinic 

Perforation — ^This is the most serious frequent complication The 
figures as to its occurrence vary greatly in different autopsy reports The 
Munich senes of 2,000 autopsies showed perforation in 5 7 per cent , 
Murchison in 435 autopsies, 13 8 pei cent , Curschmann in 575 autopsies, 

16 per cent The figures of Herschel, and Broardel and Thionet among a 
total of 2,667 autopsies showed perforation in 7 per cent Mackenzie found 
that 351 out of 1,037 deaths from typhoid fever in certain London hospitals 
•were due to perforation In this senes of 105 autopsies, pciforation was 
found in 30 (28 5 per cent ) so that among a total of 6,819 autopsies there 
were 834 cases of perfoiation (12 per cent ) Of the 137 deaths in this senes 
33 (24 per cent ) were due to perforation In recent years many patients 
are saved who formerly died of toxmmia, -wheieas we have not reduced the 
mortality from perforation to a corresponding degree This is well brought 
out in the series reported by Hare of Brisbane, for among 1,828 cases tieatcd 
by the expectant method, perforation occurred in 2 9 per cent and was the 
cause of death in 20 per cent of the fatal cases Among 1,902 treated by 
baths the ineidence of perforation was the same (2 9 per cent ), but its 
proportion among the fatal cases rose to nearly 40 pel cent 

When we turn to the incidence of perforation in clinical reports we find 
much more agreement in the statistics As a rule, hospital figures show 
perforation in from 2 to 3 per cent of all cases German statistics foi 6,321 
patients (Curschmann, Hamburg records, Gnesmger) showed 117 (1 S 
per cent), Murchison in England found 48 among 1,580 (3 per cent), 
Mackenzie from London hospitals reports 351 among 9,713 (3 6 per cent ), 

J McCrae m 717 m Montreal in 43 (6 per cent ), Hare of Brisbane m 2 9 
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per cent of 3,723, the London Fever Hospitals 294 among 8,356 and Scott 
(Philadelphia) in 84 among 3,006 cases In this senes there weie 40 of 
perforation (2 6 per cent ) The total of these figures gives a percentage 
of 3 1 among 34,916 cases When we endeavor to estimate the total number 
of patients who die from perforation each year the figures are appalling 
In the United States census report for 1900 the deaths from typhoid fever 
are given as 35,379 If 1 death in every 8 was due to perforation we have 
a total of 4,422 

The incidence of perforation varies greatly from year to year Several 
cases may be seen in one clinic within a few weeks, and the successive 
hundreds of any large series may show a very varying percentage Thus 
five cases of this senes occurred in one period of si\ months Manges reports 
19 cases of perforation in 216 cases (8 8 per cent ) from the Mt Sinai 
Hospital in New York As to the influence of sev, perforation occurs more 
frequently m men Figures from the literature give the frequency as about 
3 males to 1 female, but hospital statistics usually show more males than 
females In this series, 32 were males and 8 females, but, taking the number 
of admissions in each sex, we find that perfoiation oceurred m 1 out of 33 
males and 1 out of 55 females, which makes the disparity less As regards 
age, perforation rarely occurs below ten years The largest number are in 
the third decade The statistics of Fitz show 24 per cent in the second, 40 
per cent in the third, and 23 per cent in the fouith decade In this senes 
the age was as follows from one to ten, 3, from ten to twenty, 10, from 
twenty to thirty, 15, from thirty to forty, 6, and from forty to fifty, 6 Over 
forty years of age perforation is rare, and in that this series is unusual 
The oldest patient was forty-nine years The children were aged eight, 
nine and ten years 

The period of greatest incidence is the third week In this senes the 
distribution was first week, 0 second, 10, third, 12, fourth, 7, fifth, 5, sixth, 

1, seventh, 2, and eighth 1 The latest case Avas on the fiftieth day In 2, 
perforation occurred ivhile the patients were about and the day of disease 
could not be determined Instances have been reported as late as the 
sixteenth week Perforation may occur after the temperature has become 
normal and the patient convalescent This has been brought about m some 
by the taking of solid food 

The site is most frequently in the ileum In this series the peiforation 
was in the ileum in 32, the appendix in 3, the sigmoid flexuie in 2, the caecum 
in 1, and in one both in the descending colon and rectum Taking the 
figures of Liebermeister, IMackenzie, Fritz and this series, the site ivas in 
the ileum in 506, colon 56, appendix 32, Meckel’s diverticulum 4, jejunum 4, 
caecum 1, and in one in both the colon and rectum The number of per- 
forations may vary from 1 to 25 but in the majority there is but 1 
Of 39 of this series in ivliich this was determined, there was 1 perforation 
in 28, 2 in 8, and 3 in 3 Of the 32 in the ileum, in 26 there ivas 1, in 3, 

2, and in 3, 3 perforations The opening u as within 40 cm of the ileocaecal 
valve in 27 and the greatest distance from the valve was 150 cm In 1 case 
2 perforations Avere Avithin 12 cm of the valve and this Avas the only instance 
in Avhich the boAvel aa as so friable that sutures Avould not hold Of the 3 
Avith perforation in the appendix, 2 had two openings 

In discussing the symptoms aa’^c should separate those due to perforation 
from those of the resulting peritonitis If this be local, as it may be for a 

^OL 2 — 9 
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fe^^ houis after perfoiation, thcic is no special change in the general picture, 
but m the hteratuxe until very lecently, most of the descriptions of the symp- 
toms of peiforation weie those of the resulting general peiitomtis It 
should ah\ ays be our aim to make the diagnosis of perfoiation before geneial 
peritonitis has come on The lecognition of perforation can as a rule only 
be made if there has been caieful preparation for it In a hospital the house 
officeis should alvays be aleit and ready to attend vhenevei there are any 
suspicious symptoms The nurses or the mcmbcis of the family, if the 
patient is being nuised at home, should be told to leport any suspicious 
symptoms immediately Of these the most important for diagnosis are 
sudden abdominal pain, nausea and ^omltmg, any sudden change in the 
patient’s general condition, especially sweating, or any signs of collapse 
The leport of any of these should always lead to the careful examination 
of the patient, with peifoiation in mind It cannot be emphasized too 
strongly that the most important of these is the onset of sudden sharp 
abdominal pain 

May we have any piemomtoiy sjnnptoms of perfoiation? In some 
instances the symptoms suggest slight local pentonitis before perforation 
but this IS difficult of proof Some patients have abdominal pains for days 
before perforation oecuis but v hen we lemember the frequency of abdominal 
pain and how often it occuis v ithout there being any peritonitis, to interpret 
such pain before perfoiation as due to a local peritonitis haidly seems justi- 
fiable, as peritonitis m typhoid fever occurs as the lesult of perforation in 
the great majoiity of cases Perforation is appaiently more likely to occur 
m patients u ith diarihoea The association of hemoirhage agd perforation 
is not uncommon, as m 10 of the 40 of this senes, m 7 they occurred 
together and in 3 the hemoirhage occuired a few days before The 
character of the attack has no marked influence, although m more than 
half this IS severe yet it is not raie to have peiforation in a patient with a 
mild attack 

The onset may be sudden oi gradual, a useful classification emphasized 
by Manges The diagnosis m the former gioiip can be made much more 
readily than m the latter, for the mode of onset is one of the greatest aids 
In the latter gioup the symptoms subsequent to perforation are those on 
which we must depend, but the outlook, even with early diagnosis and 
operation, is grave m the group with such severe toxiemia that there are 
few symptoms at onset In the description of symptoms those given of 
the onset apply especially to the “acute group ” The chances for the early 
recognition of perforation are greater when the patient is being given the 
bath treatment, as the mental condition is likely to beclearer and this rendeis 
the onset more readily observed and allows a more accurate estimation of 
the condition 

Onset — ^The first symptom m the great majority is the occurrence of 
sudden, sharp, severe abdominal pain This was the case in 26 of 32 
patients of this series in ivhom the onset was noted Of the others, m 6 
there was no note, in 2 the time of onset was doubtful, m 2 the patient was 
delirious and there ivas no complaint of pain, in 2 the patient w'as admitted 
with o-eneral peritonitis and gave no history, m 2 the peiforation occuiied 
just before death from toxaemia In some patients dying from toxajmia, per- 
foration may occur wdiile the patient is moiibund In these there may be 
no symptoms and a diagnosis is impossible, operation is out of the question, 
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and the condition can be lecognized only at autopsy In some of these the 
perfoiation may be found with little or no lesulting peiitonitis 

The mode of onset is the most important point m the recognition If 
the patient is seen then, it may be possible to make a diagnosis with reason- 
able certainty, which later on can be made only with great difficulty The 
pam IS usually paroxj^smal and laiely constant Between the attacks the 
patient may be fairly comfoi table and show no definite signs, so that it is 
important to sit down by the bedside and u atch for some time That one 
may do this intelligently it is important that the previous condition should be 
accurately Imovn As a rule the pain returns bcfoie a very long interval 
but may last only foi a short time The seat of the pam of onset vanes 
considerably but is usually m the lowei abdomen, sometimes about the navel 
01 in the light iliac fossa In males it may be leferied to the penis ^\ith 
the pam the patient may complain of bladder iiritabihty with fiequent mictur- 
ition On examination one may find no special change in the appearance 
of the abdomen The respiratory movements may be slightly diminished 
but this IS not common On palpation theie is usually marked tenderness, 
sometimes over the whole abdomen, sometimes localized There may be 
some rigidity and possibly muscle spasm but as a rule shortly after per- 
foiation these arc not persistent and may be present only during the attaeks 
of pain With the local abdominal features there may be general distuibance, 
such as a marked change in expression, sometimes associated with sweating 
or a chill In some instances there is nausea or vomiting These are all 
usually temporary if they appear at the time of peifoiation There may be 
an increase m the respiration and pulse rate The fall in temperature, 
so often described, has not been common at the time of perforation in 
this series There is moie often slight elevation foi two or three hours 
following the perforation and then a tall It must be said, however, that 
beyond the pain there may be very little change for an houi or two aftei 
perforation 

With suspicious signs, careful notes should be made at once of the general 
symptoms and the local conditions Of these the most impoitant are the 
degree of distension, the extent of the respiratory movements, the amount 
of tenderness and the presence of rigidity or of muscle spasm With this 
there should be houily records of the temperature, pulse and respiration, 
with the blood pressure taken every fifteen minutes All this represents 
much work, but it must be lecognized that if we are to make an early diag- 
nosis of perforation ue must be prepared to devote every energy toward it 

In the few hours after perforation there may be little change The gam 
may recur at intervals, geneially paioxysmal in character, but otherwise there 
is little alteration The principal features can perhaps best be discussed 
separately 

1 Genet al A'ppeat ance — This mag be suggestive at the onset, the featui es 
having a moie or less pinched expression especially if theie be sweating 
As a rule this does not peisist and in a few hours later there maj'^ be nothing 
marked -If general peritonitis develops we have the characteristic facies 
of that condition 

2 Tempetaiute — The course of this is variable In many patients 
immediately following perforation there is a slight elevation followed later 
by a drop There is no rule regarding tins and a sudden fall oi sudden 
elevation may occur with the perforation Later on the temperature may 
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rise with the peritonitis, but as a rule changes in the temperature are too 
uncertain to be of much value 

3 Ptdse and Rcspiiahon — ^Usually these both show increase but there 
IS no certainty in this, foi patients have been operated on in Avliom neitlier 
the pulse nor the respiration rates had especially altered Generally the 
respiration rate increases at the time of perforation and this may be a valua- 
able sign Later on both the pulse and respiration late almost invariably 
increase 

4 Gastnc Symptoms — ^Hiccough, nausea or vomiting may occur at the 
time of perforation These are always suggestive signs and may diaw 
attention to the complication In several patients, the sudden occurrence 
of one of these has first aroused suspicions of perforation They are espe- 
cially important because so rare m typhoid fever 

5 Abdominal Conditions — ^These are by far the most important because 
while other thmgs may rouse suspicions, it is by the abdominal signs that 
the diagnosis is usually made Abdominal pam may be fairly constant but 
IS usually paroxysmal The local abdominal features are (a) increase in 
distension, ivhich is often not present until some hours aftei perforation 
It should always be carefully looked for, as increasing distension is a most 
important point (6) Changes in the respiratory movement These if 
present early are very valuable The decrease m the extent of movement 
may be seen only below the navel or may be more on one side than the other 
But general peritonitis may be present ivith well-marked retention of the 
respiratory movement (c) Rigidity This is a most important condition 
and should always be most carefully noted Light palpation should be 
employed and it is especially important to compaie the two sides of the 
abdomen With perforation it may be some hours before rigidity is marked 
and too much importance’ should not be attached to its absence Persistent 
rigidity of one rectus muscle is an important sign (d) Muscle spasm 
This IS as a rule the most important local sign It may be quite local and 
found m part of one rectus only (c) Movable dulncss This may suggest 
the presence of free fluid m the peiitoneal cavity but great caution should 
be observed in draivmg such a conclusion, as it may be given by fluid in the 
bowel This is especially likely to occur if there has been diarrhoea, Avliicli 
is often the case m the patients with perforation (/) Obliteration of liver 
dulness This is of value in two conditions, first, if it occui in an abdomen 
Avhich is flat or scaphoid, and second, if it has appeared suddenly m a non- 
distended abdomen If there be any degree of distension no dependence 
should be placed on it (g) Signs on auscultation These are of very doubt- 
ful help Some ivriters, especially the French, have laid stiess on the fact 
that gas could be heaid escaping from the bowel through the perfoiation 
The writer heard it in one patient with perforation in wdiom there ivas also 
a curious sound on auscultatory percussion comparable to the com sound 
m pneumothorax 

6 Rectal Examination — This should ahvays be made, although it rarely 
gives information of value If the process be loiv in the abdomen there 
may be marked tenderness on pressure high up in the rectum, sometimes 
more on one side than the other 

7 Boivels — As a rule they do not move after peifoiation but this is not 
invariable and in cases of this series both flatus and feces have been 
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8 Leukocytes —Perforation is usually followed by an increase in their 
numbei There aie thiee faiily u ell-marked groups of cases the first in 
which theie is a steady increase m the numbei fiom hour to hour, the second 
in which there is a slight increase in the first two oi three hours and then a 
rapid fall, and the third in which there is praetically no change or even a fall 
The initial rise may be veiy temporary and disappear in three hours It is 
evident that counts can be of service only if there are pievious ones available 
for comparison hlany of the conditions which cause abdominal pain may 
also pioduce leukocjdosis It is in the group in which the leukocytes inciease 
steadily that the blood counts give the most assistance The presence of 
leukocytosis is most important but from its absence no conclusion should be 
drawn A steadily diopping count may suggest a severe general peritonitis 

9 Blood Piessuie — In many patients there is a sharp rise with the per- 
foration This is not invariable, as in a recent case the blood pressure did 
not show the slightest change Probably any condition causing pain may 
produce a rise in the blood pressure It should be of aid in the diagnosis 
of hemorrhage from perforation In one patient the rise in blood pressure 
occurred about three hours before the first sign of perforation 

Advance in the signs is an important aid and the patient should be care- 
fully watched for this The distension may gradually increase, the respira- 
tory movements decrease and the tenderness with rigidity and muscle spasm 
become more marked But one should not wait for too much advance 
before deciding on exploration 

Lastly, as an aid in the diagnosis of perforation we must include an explora- 
tory incision, for it is well to recognize that it may be impossible to make 
a positive diagnosis without this The important matter to decide is whether 
there exists an abdominal condition which justifies exploration rather than 
to make a positive diagnosis of perforation An acute abdominal com- 
plication is what we have to recognize — ^this is perforation in the majority 
In some patients, especially those who are toxic oi delirious, it may be quite 
impossible to make an early positive diagnosis No one can lay down rules 
which will always apply — every jiatient is a new problem The conditions 
which are most likely to be mistaken for perforation are as follows 

1 Peritonitis from other causes This is not common and its definite 
recognition is difficult In one patient at operation a beginning peritonitis 
was found for which no cause was discovered Fortunately in these cases 
an exact diagnosis is not an important mattei because the treatment is the 
same as for perforation 2 Appendicitis This may be due to a typhoid 
process or may be distinct and either acute or acute exacerbation of a chronic 
condition The condition can hardly be positively recognized and the same 
remarks apply as to the preceding group 3 Hemorrhage This may give 
a picture much like perforation but the fall in blood pressure and in the 
percentage of hiemoglobin is an aid in diagnosis The association of the 
conditions has to be kept in mind and every patient with hemorrhage should 
be carefully examined with the possibility of perforation m view Rigidity 
and muscle spasm are not as eommon in hemorrhage as m perforation In 
one patient of this series vnth both, in whom the symptoms were very severe, 
the fall m haimoglobin did not seem enough to correspond to a hemorrhage 
Sufficient to give all the symptoms The difficulty of diagnosis when the 
two conditions are present is very great 4 Phlebitis This m the iliac 
veins may give very suspicious symptoms and m one such case of this series 
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e\p]oration was done The careful examination of the leg for swelling and 
the femoral region foi tenderness may give the coirect diagnosis 5 Intes- 
tinal conditions, such as obstruction, stianguktion, intussusception, may 
cause difficulty 6 Attacks of abdominal pain u ithout evident cause In 
these patients careful continued examination is the greatest help The 
abdominal signs do not usually show the advance which we often find in 
the perforation cases 7 All the conditions which have been noted as caus- 
ing abdominal pain may give difficulty but a careful routine examination 
should exclude them beyond doubt Perforation of an ulcer in the stomach 
does not require any special discussion 

Tlie possibility of lecovciy without operation, after perforation of the 
bowel, is an interesting question but it is doubtful if practically it is worthy 
of much consideration The omentum or adhesions may very rarely close 
the opening Ceitainly it should never be used as an argument against 
operation There can be no question of its occuiience but the estimates 
given by some writers do not seem to be supported by any records A diag- 
nosis of peifoiation made without operation or autopsy is open to great 
doubt Some patients with suspicious symptoms arc operated on and no 
perforation found, while others may show s 5 ’'mptoms u Inch are ver^'' sugges- 
tive but, dying later of other conditions, the peritoneum is found perfectly 
clear at autopsy In rare instances a local abscess may follow perforation 
Tins may be dramed subsequently or rupture internally exactly as an appen- 
dix abscess In a recent case, there was empyema and septiciemia secondary 
to such an abscess 

General Peritonitis — ^The characteristic general expression, the pulse 
small and running, the temperature variable, sometimes being high but m 
otlreis low, require no comment There may be hiccough with nausea and 
vomiting and but little complaint of spontaneous pain The abdomen 
IS usually distended, although there may be general peritonitis with a scaph- 
oid abdomen, the respiratory movements are diminished or absent, there 
is usually tenderness with marked rigidity and perhaps muscle spasm 
It can not be emphasized too strongly that the symptoms of perforation are 
quite distinct in the majority of instances from those of the resulting general 
peritonitis With the latter condition present the chances are always much 
m favor of its being due to perforation 

Peritonitis from Other Causes than Perforation — ^The frequency of this 
IS difficult to estimate Some writers put it as high as 1 per cent or even 
more The subject has been carefully studied by Yates ^ In this senes 
there were four instances, one from a simple appendicitis, one from old 
pelvic disease, one fiom ulcer m the gall bladdei without rupture, and one 
wnthout discoverable cause The principal causes are as follows (a) Exten- 
sion from the ulcers It is difficult to say how often this occurs but it is 
probably not common In 2 of this series at autopsy there was a thin fibrin- 
ous exudate over the areas of intense injection corresponding to the ulcers 
Various organisms may be obtained fiom these areas and rt seems reasonable 
to suppose that a pentonitis may be set up m this way, the organisms passing 
from the mucosa to the serosa This may be more or less localized and it 
IS quite possible that some of the instances which are regarded as recovery 
from perforation belong to this group In the same way a local peritonitis 


^Amencan Medicine, vol v, 1903, p 700 
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may aiise from extension fiom an ulcer in the gall bladder, as m one of this 
series (5) Fiom suppurative processes This is raie but such instances 
are on recoid These possible souiccs are vaiious, and include rupture of 
a suppurating mesenteiic gland, ruiituie of an abscess or infarct of the 
spleen, abscess of the liver, abscess of the abdominal wall, abscess about 
the bladdei, and thiombosis (c) Fiom pelvic conditions An ovarian 
abscess, disease m the tube oi an infective piocess in the uteius may be the 
source {cl) Other intestinal conditions such as appendicitis apait from a 
typhoid lesion or strangulated hernia (c) Without any evident cause It 
IS possible that this may be from the passage of bacteria through the intestine 
or from a periadenitis 

The reported cases studied by Yates showed the time of greatest incidence 
about the end of the third week It occuried both m severe and mild attacks 
and with slight and deep ulceration In the majoiity the onset was acute 
and as a rule the diagnosis of a perfoiation v as made Abdominal pain was 
the most constant symptom and was usually on the right side Rigidity 
was usually found at some time The tempeiature curve was variable Of 
11 patients opeiated on, 4 recovered, and of 9 not operated on, all died 
The type of peritonitis varied from seiofibrinous to fibrinopurulent In the 
majority it is not possible to distinguish the condition from perfoiation 
before opening the abdomen 

Conditions of the Rectum — Ulceration occurs in a modeiate number of 
cases and there is danger of perfoiating the ulcers by the tube m the giving 
of irrigations or enemata They may account for some of the instances of 
slight hemorrhage after enemata Peifoiation of an ulcer in the rectum may 
occur, as m one of this series, usually w'lth the production of an abscess 
Unless complaint is made by the patient, recognition w ill be difficult Local 
exammation w ill probably be the greatest aid 

The Spleen — While enlargement of the spleen is common m infectious 
diseases generally, yet in none has it the same importance as in typhoid fever 
The recognition of splenic enlargement is most certain by palpation Per- 
cussion IS of value in determining increase in size, especially wdien the 
spleen cannot be felt, but distension of the colon and stomach may interfere 
greatly with this Theie are certain conditions wdnch prevent the spleen 
being palpated even wRen it is much enlarged, thus if the thorax be very 
deep, only an enormously enlaiged spleen could possibly come near the 
costal margin In patients wdio have xery' thick abdominal w'alls or in w^hom 
there is much distension or tenderness, the spleen may not be felt It is 
doubtful whether previous conditions, such as adhesions, affect the enlarge- 
ment very materially 

Enlargement as a rule is gieatest at the height of the attack, although the 
spleen may be palpable very eaily In some patients it may first be felt 
wdien marked emaciation has rendered palpation easier There may be a 
marked i eduction in size after intestinal hemorrhage As a rule the spleen 
diminishes in size m the latter part of the attack, although in some patients 
the enlargement may continue after the temperature is normal It is safe 
to consider these as m greater danger of a relapse If the spleen has become 
much reduced in size after the original attack, the enlargement may return 
w itli a relapse but rarely w itli a recrudescence In some instances the spleen 
IS felt for the first time in the relapse The spleen was felt m 1,075 of the 
1,500 cases (71 6 per cent ) 
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The spleen m typhoid fever is usually soft, although in patients who have 
had malarial fever it may be quite hard As a rule it is not painful, although 
some patients complain of tenderness on palpation In some there is com- 
plaint of pain m the left costal region which may be persistent and not made 
maikedly worse by palpation In such cases the occurrence of perisplenitis 
may be suspected and this diagnasis may be made if the pain be severe and 
rendered more so by deep bieatlimg, pleurisy being excluded Other condi- 
tions of the spleen such as spontaneous lupture, infarct, abscess, etc , are 
rare but aie sometimes possible of diagnosis 

The cause of the enlargement is difficult to give It probably stands in 
relation to the involvement of the lymphoid tissues generally, the toxins 
probably the causal agents The inciease in size beais no definite relation 
to the seventy of the attack for a much enlarged spleen may be found with 
mild symptoms 

Liver — ^This oigan plays little part in an ordinary attack and subjective 
symptoms referred to it are rare Theic may be complaint of pain m the 
liver region with tenderness and perhaps slight enlargement The common 
focal necioses m the liver do not give any clinical sjnnptoms so far as ve 
Icnow, although in some they may be associated with jaundice The most 
important liver conditions which occur are jaundice, abscess, suppurative 
pylephlebitis and cholangitis 

1 Jaundice — ^Tliis may occur as catarihal jaundice, toxic jaundice or 
xvith abscess and cholecystitis It is rare and, apart fiom abscesses and 
cholecystitis, was present in 8 jiatients in this series The co-existence of 
gall stones may be a cause (a) Catarrhal jaundice This is usually of a 
mild giade and seldom causes any severe symptoms It is rare at the begin- 
ning but may occur at the height of the attack oi in the latter part of the 
course The most probable explanation is that typhoid bacilli in the ducts 
set up a mild grade of inflammation It may be quite possible to distinguish 
between a catarihal and a toxic jaundice The occurrence m milder attacks 
and the absence of bile in the stools aic m favor of the catarrhal form (b) 
Toxic jaundice This is more likely to occui m seveie attacks and late m 
the course Bile is usually present in the stools In some instances a con- 
dition much like acute yellow atrophy has been desciibed, associated with 
a rapid course with jaundice, marked decrease in the size of the liver, hem- 
orrhages and a termination m coma 

2 Abscess — ^This is a rare complication and was j^iesent in only tvro of 
this senes duiing the attack, while in a third patient an amoebic abscess 
developed during convalescence The abscess may be single or multiple, 
the latter usually occurring as part of a general septic piocess and perhaps 
associated with parotitis, perichondritis, etc In others it may be secondary 
to infection m the abdomen, such as mesenteric abscess or pylephlebitis 
Multiple abscesses have occurred after cholecystitis The causal organism 
IS the typhoid bacillus m a few instances, the colon bacillus, or pyogenic 

COCCI 

The symptoms are pain in the region of the liver, increase m its size, 
jaundice, marked leukocytosis and possibly the muddy color of the skin 
sometimes associated with abscess Pus may be obtained by exploratory 
puncture The conditions from ■which abscess has to be diagnosed are 
cholecystitis, subphrenic abscess and empyema A liver abscess in typhoid 
fever may be latent and, as m one of our patients, distoveied only at autopsy 
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3 Suppuiative Pylcphlebihs —This is very rare and is usually associated 
with thrombosis of the portal vems Osier has reported a case associated 
with mesenteric abscess 

Gall Bladder —The relations of typhoid bacilli to the gall bladder are as 
follows (a) In the gieat majority, perhaps always, typhoid baeilli are 
present m the gall bladder duimg the attack (b) The bacilli may persist 
m the gall bladder after an attack for an indefinite period, instances of 
fourteen, seventeen and eighteen years being on record (c) Typhoid 
bacilli may occur m the gall bladder as a local infection without the patient 
ever having had typhoid fever Pratt has collected 5 such cases 

During an attack the typhoid bacilli probably reach the gall bladder 
through the blood They may be excreted from the liver or gam access 
through the ducts but this latter method does not seem probable In the 
majority no symptoms are set up, and with cholecystitis it may be difficult to 
assign any reason for the complication beyond the presence of the bacilli 
In a certain number, the determining factor is the presence of gall stones but 
this IS not common during the attack, being found only in 4 out of 115 cases 
collected by Camac, although it has been suggested that the formation of 
gall stones may be veiy rapid The oiganisms may be found in clumps in 
the gall bladder Secondaiy infection with other organisms is rare Ob- 
struction to the flow of bile undoubtedly favors the development of chole- 
cystitis which m some grade is probably much more common than is usually 
supposed, as only the more severe attacks are noted The diagnosis was 
made m 19 of this series (1 2 per cent ) The extent of the process may be 
very variable There are probably all stages from a simple catarrhal 
cholecystitis to ulceration and perforation In rare cases with ulceration 
there may be extension and a local peritonitis set up without any perforation 
of the gall bladder The time of the occurrence of cholecystitis varies 
greatly, the earliest in this series being on the eighth day and the latest on 
the fiftieth day It may appear at the height of the attack or after the tem- 
perature is normal and it may be difficult to say whether it should be 
regarded as a complication or a sequel The majority occur during the 
third week or later, sometimes with a relapse 

The onset is usually sudden with pain in the region of the gall bladder 
There may be a chill or vomiting The pain usually persists and may be 
situated close to the costal margin or lower down on the right side On 
palpation there is usually marked tenderness over the right side of the 
abdomen, especially m the upper quadrant and with this probably rigidity 
and muscle spasm In the febrile cases there may be an increase m the 
temperature or a sudden rise if the temperature has become normal as shovn 
m Figs 10 and 11 The pulse rate usually increases and m some the 
respiration also There may be diminished respiratory movement both of 
the thorax and abdomen on the right side Vomiting or a chill may occur 
after the onset Jaundice may follow and was present m 6 among 19 cases 
There is usually leukocytosis, generally from 10,000 to 15,000, rarely reach- 
ing 20,000 The gall bladder is sometimes felt The progress of the con- 
dition IS very variable It may persist for a few days, usually four to eight, 
and then disappear or go on to perforation The symptoms of perforation 
require no special discussion but it has to be remembered that when a patient 
has been having abdominal pain fiom cholecj^stitis for some days there may 
not be change enough to suggest a perforation before the onset of general 
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peritonitis Perfoiation may happen in a gall bladder ii Inch is not palpable 
and not especially enlarged General peiitonitis usually follows pei loiation 
theie aie raie instances of the piocess being localized In veiy toxic patients) 


1 1C 10 



Cholecystitis during convalescence Operation Reco^ery 


peiforation and general peritonitis may be piesent befoie the condition is 
lecognized The patient should be watched most carefully and frequent 
records made just as m the case of suspected intestinal perforation It is 



Cholecystitis during convalescence Recovery without operation 


well to ha^ e a surgeon see the doubtful cases early Tapping the gall bladder 
m such a condition is not justifiable either for diagnosis oi tieatment 
Peifoiation of the gall bladdei and intestine have occuned together 
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In some instances, cliolecystitis may seem to be more a sequel than a 
complication Theie can be no doubt of the mfluence of typhoid fever on 
the foimation of gall stones Typhoid bacilli may be found m the gall 
bladdei A/ithout any pievious attack of typhoid fevei so far as loioiin The 
possibility of a mild attack v hicli has not been recognized has always to be 
remembeied 

Pancreas — ^Hemorrhagic pancreatitis is very raie but has occurred 

The Respiratory System — The Nose — Early m the disease theie may 
be hjqierfemia of the nasal mucous membrane, although coryza is rare 
This may lesult in the passage of a little bloody mucus but frequently there 
is definite bleeding Epistaxis occuis quite fiequently during the incubation 
and also in the early febrile stage It may occur during the couise or even 
in convalescence It is much moie common at the beginning of typhoid 
fevei than any othei acute infection and occurred at onset m 323 of this series 
(21 5 per cent ) As a rule, the bleeding is rarely piofuse, but it may prove 
alarming and a few cases aie on record (apart from the hemorrhagic type) 
in which death resulted directly from the epistaxis It may be necessaiy to 
plug the posterior nares As a rule nose bleed occurs most frequently m 
children and young adults In the hemorrhagic type it may be very 
seveie 

The Larynx — Seiious involvement is recognized in a comparatively 
small number of cases In patients who are very ill and breathe through the 
mouth, both the pharynix and larymx show a condition which may be termed 
a “dry catarrh A simple catarrhal inflammation may be present but 
ulceration of the mucous membrane is more seiious This was found in 3 
cases of this series at autopsy, in one associated with necrosis of cartilage 
Jackson has divided the lesions into (1) subacute laryngitis, (2) ulcer- 
ative laryngitis and (3) perichondritis The first was found in 237, the 
second in 68, and the thud in 17, of 360 cases Ulceration occurred usually 
after the third v eek, the average being the thirty-first day, and in patients 
with severe infection Two-thirds of his patients recovered peifectly 
Cursclimann considers that the ulcers have two modes of origin Necrosis 
follows the swelling of the lymph follicles and m some of these cases typhoid 
bacilli have been obtained in cultures or the ulcers follow fissures and 
erosions, usually on the posterior part of the laryaiv or along the border of the 
epiglottis These lesions once begun, tend to increase rapidly in seveie 
cases As a result of increase in the process there may be evtension to the 
cartilages or infection of the surrounding tissues There may be peri- 
chondritis or the cartilages may be almost entirely destroyed, the process 
may be primary in the cartilage One patient of this series coughed up 
both ar}i:enoid cartilages In some instances the changes in the larynx have 
resulted in stenosis OEdema of the glottis occurs, as was found in 2 of this 
series at autopsy, ulceration of the epiglottis was found in 1 

The larymgeal complications are often overlooked during life When they 
occur in patients who are very toxic, no complaint is made and examination 
of the larwix is often difficult There may^ be dyspnoea, hoaiseness and 
cough, oi even loss of voice The patient may complain of pain and prob- 
ably have difficulty in swallowing with pain on pressure over the larynx 
The dangei of acute oedema of the glottis makes it necessary to watch these 
patients verv caicfully Paral'ysis of the lar>Tigeal muscles occuis rarely 
and IS probably due to neuiitis Some of the older writeis describe diph- 
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thentic affections of the air passages, but probably many of these were 
associated AMth ulceiation and the deposit of a large amount of mucus 

Respiration —The respiration rate is often somewhat increased, perhaps 
to 24 or 28 pei minute, even when no complication is present Dyspncea is 
rare 

Bronchitis —This is one of the early symptoms although the patients 
rarely make any special complaint of it Usually regarded as almost a 
specific sjonptom, the bronchitis shows no special peculiarities The cough 
IS frequently harsh, with scanty and rather tenai-ious sputum, occasionally 
containing small amounts of blood The prmcipal physical sign is the 
presence of numerous rales In some instances the cough is unusually 
severe and slight cyanosis is present which is usually taken to indicate 
especial involvement of the smaller tubes The seventy of the bronchitis 
does not necessaiily bear any relation to the character of the attack, as mild 
infections may show severe bronchitis As a rule it lessens in the second 
week and often disappears very rapidly but m some patients it may prove 
troublesome thioughout or return durmg the latter part of the attack 
Occasionally collapse of the lung or bronchopneumonia may follow The 
occurrence of typhoid bacilli in the sputum is a point to which attention 
should be given Bronchitis does not appear to be of importance in the fatal 
cases and was noted only in 4 of 105 autopsies, in 2 of which it was described 
as putrid bronchitis 

Lobar Pneumonia — ^The figures m the literature as to its frequency are 
vaiiable, some consideiing that it occurs in 10 per cent of all cases This 
does not agree with this senes, as lobai pneumonia was found m only 22 cases 
(1 5 per cent ) It occuried in 233 of 8,356 cases m the London Fever 
Hospitals (2 7 pei cent ) It is convenient to separate two conditions under 
■vs Inch it occuis (1) At onset This is termed pneumotyphoid by French 
and Geiman writers and occurred in 3 of this series The attack begins vs ith 
the usual features of lobar pneumonia, chill, pain in the side, fever and 
characteristic signs in the lung The attack may run the course of an ordi- 
nary lobar pneumonia without a suspicion of anything else being entertained 
and only the peisistence of the fevei suggests another condition There 
may be a termination by crisis, the temperature falling to normal for a day 
and then rising again It may be difficult to say whether we have an 
ordinary lobai pneumonia followed by tjqihoid fever or typhoid fever with 
early involvement of the lung In one patient m whom there were no 
intestinal lesions there was consolidation of one lung, associated with 
gangrene, the organism present being the typhoid bacillus (2) It may 
occur during the course, as in 19 of this series, and is most frequent during the 
second and third week The symptoms may be few m number, the patient 
not making any complamt of pain or distress, especially if the mental con- 
dition be dull, and only an increase in the respiration rate with cyanosis may 
draw attention to the condition Leukocytosis may not be present The 
sputum may be slight in amount or swallowed but in some mstances has the 
chaiactenstic rusty appearance In all severe attacks a routine examination 
of the lungs should be made everj' day, for it is only by doing this that some 
of the cases will be recognized early Curschmann thinks that a certain 
number do not go beyond the staeg of congestion, as was found in 2 fatal 
cases of this series Lobar pneumonia was found at autopsy in only 6, a 
lather small percentage, and m 1 was associated with gangrene 
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There is another condition of the lungs which is difficult to classify It 
resembles an atypical lobar pneumonia and may come on at the onset or 
during the course There may be complaint of pain m the side and possibly 
slight cough The sputum is usually scanty but not rusty or bloody 
Physical examination shows restricted movement on the affected side, vocal 
fremitus usually somewhat increased, marked dulness on peicussion, and 
variable signs on auscultation The breath sounds may be harsh and 
accompanied by a few fine rales at the end of inspiration but are not typically 
tubular In others they may have a tubular quality during only one part of 
respiration, or they may be feeble with a very distant tubular quality This 
condition is more frequent on the right side It rarely involves the whole of 
the lobe and the most marked feature is its irregularity The course is very 
variable, m some it persists for perhaps only three or four days and then 
clears gradually, m others the dulness may persist well through the attack of 
fever and then clear entirelyso that in convalescence the lung is perfectly clear 
In some of these cases the diagnosis of pleurisy may be suggested, but the 
absence of a friction rub, the usual increase m the vocal fiemitus, and the 
character of the breath sounds, are against this It seems best to consider 
them as examples of atjqiical lobar pneumonia The association with 
typhoid fever is not uncommon It does not appear to be a seiious 
condition and there has not been any opportunity to examine the lung at 
autopsy 

Bronchopneumonia — ^This is usually a terminal event In 8,356 cases 
from the London Fever Hospitals it was found m 1 2 per cent It was 
found at autopsy in 37 of this series (35 per cent ) In some it is due to the 
typhoid bacillus but in the majority pyogenic organisms are found Coming 
on, as a rule, when the patients are very ill, it may not give rise to any maiked 
symptoms The onset may be with a chill The increase m the lespiration 
rate, cyanosis and perhaps some slight physical signs may give the diagnosis 
(Edema, abscess or infarction may be associated In some cases there may 
be an aspiration pneumonia, which is especially likely to occur m patients 
who are very dull In patients with ulceration in the larynx there is always 
great danger of secondary pneumonia 

Hypostatic Congestion and Pneumonia —These are especially likely to 
occur in patients with long, severe attacks If they appear early it is of 
serious import, although as a rule their occurrence is late and favored 
by cardiac weakness and the position of the body This latter is of great 
importance and the endeavor should be made in all severe attacks to keep 
the patient turned on one side or the other and off the back as much as 
possible But by far the most important preventive of hypostatic pneumonia 
IS the bath treatment It was found in only 2 of this series at autopsy It 
may not give rise to any symptoms and will rarely be recognized unless 
regular routine examination of the thorax is made As a rule, there is 
defective resonance at the base, the note having a slight tympanitic quality 
The vocal fremitus is often difficult to obtain It may be diminished if the 
bronchi are full of mucus or the voice very feeble, but otherwise is somev hat 
increased The breath sounds are usually feeble and as a rule there are 
numerous moist rales Such a condition may be associated with broncho- 
pneumonia or oedema It may be difficult in some cases to estimate just how 
much consolidation is present Hypostatic pneumonia is an exceedingly 
dangerous condition and, if v ell established, recovery rarely occurs 
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Theic aie other lung complications which occur occasionally Infarction, 
which was found in 4 of this series at autopsy, ofteis no special fcatiiics' 
Infaiction oi pulmonary embolism is rare as a result of detachment of the 
clot in thrombosis Abscess of the lung is infiequent and may be associated 
with pneumonia or geneial septic infection It u as found iii 4 of this senes 
at autopsy in association with bronchopneumonia Gangiene of the lung is 
also raie, and as a lule occuis late m the attack It was found at autopsy in 
2 cases, m one with thrombosis It may occur under the same condition as 
aspiration pneumonia and in some instances has been apparently due to the 
piesence of particles of food in the lung 

Haemoptysis — ^This may occui m the hemorihaigc type as part of the 
process In a few patients small-amounts of blood are brought up, most of 
these being probably due to an intense bionchitis It may be due to an 
associated pulmonaiy tuberculosis It is possible that some aie due to 
small hemorihagic infarctions 

Pleurisy — ^This is not very common, having been noted in 32 of this series 
(2 1 per cent) It was found at autopsy m 9 cases Pleurisy may be com- 
mon m some epidemics Thus Heymann^ repoits 17 cases in a series of 129 
(13 8 per cent ) m Wurzburg, only one of which was associated with a lung 
condition (pneumonia) It was present in 92 of 8,356 cases m the London 
Fever Hospitals (1 1 per cent ) Pleurisy may occur at the onset or moie 
frequently during the couise Instances of the formei in which the pleurisy 
IS a prominent feature are termed pleurotyphoid by the French The on- 
set may be sudden with high fever, severe pain in the side, and a well-marked 
fiiction rub The majority of this series have been of the fibiinous type and 
in only foui was there effusion This may be seious or purulent, theie 
having been three of the foimei in this series and one of the lattei fiom which 
typhoid bacilli were obtained The puiulent type is most often seen duiing 
convalescence In many instances pleuiisy is secondaiy to conditions in the 
lung, such as pneumonia, infarct and gangiene Hemorihagic effusions 
have been noted and there is the possibility that a tubeiculous pleuiisy may 
co-exist with typhoid fevei In Heymann’s cases theie v as effusion in 10 — 
in 1 hemorrhagic and in 1 puiulent, in 2 the typhoid bacillus was obtamed, 
death occurred in 4 out of the 17 cases 

The question of the organism concerned in tire lesions of the lespiratory 
tract IS an interesting one The ulcerative jirocesses about the larynx aie 
apparently due m the majority to the pyogenic cocci but in a small number 
typhoid bacilli have been obtained In the lung the determination of the 
causal oiganism may be difficult The typhoid bacillus is piobably present 
in the lungs in every case and can frequently be obt.iined by punctui e How- 
ever, the examples of lobar pneumonia due to the typhoid bacillus alone aie 
exceedingly few The cases reported by Flexnei and Hains, and Robinson, 
seem definitely established In the majority the pneumococcus is present, 
and may be associated with the typhoid bacillus That the typhoid bacil- 
lus alone may be responsible is supported by the fact that in one case of 
lobai pneumonia a paratjqihoid organism was obtained in pure culture It 
seems fair to hold that while in the majority of cases lobar pneumonia is due 
to the pneumococcus, with vhicli the typhoid bacillus is often associated, 
yet m rare cases the typhoid oi paratjqihoid bacillus is the causal organism 


^Inaugural Dissertation, Wurzburg, 1904 



THE SYMPTOMS OF TYPHOID FEVER 


143 


It has been suggested that pulmonary typhoid lesions are likel}'^ to be hcmoi- 
rhagic, but theic is hardly a sufficient numbei of these cases to justify this 
conclusion In bronchopneumonia the typhoid bacillus is piobably piesent 
more frequently than m lobar pneumonia Among 14 cases with satis- 
factory cultures, the typhoid bacillus was obtained in pure culture in 2 , 
both the colon and typhoid bacillus m 2 , colon and typhoid bacillus with 
staphylococcus m 1, pneumococcus m 1, pneumococcus and colon bacillus 
m 2, pneumococcus, colon bacillus and staphylococcus in 2, streptococcus 
m 2, and staphylococcus and bacillus proteus in 1 each In the cases of 
gangrene and abscess the typhoid bacillus may be obtained in puie culture 
The same is tiue m pleural effusion, and the typhoid bacillus m puie culture 
has been obtained from both the serous and purulent exudate The sputum 
of the patients with pneumonia often contains typhoid bacilli 

The Circulatory System — The conditions m the patients of this series 
have been especially studied by Thayer As a rule the state of the circulation 
is an important indication of the condition A variable degree of capillary 
stasis IS common and may be extreme, especially ovei the back, but does not 
seem to be of any special moment The pulse m tj'phoid fevei may not give 
any characteristic findings As a rule duiing the earlj’^ stages, the increase 
m the rate is less than would be expected from the fever This may be true 
of some patients all through the attack, the late nevci reaching 100 Thus, 
among the last 500 cases in the senes there weie 176 m which the pulse rate 
was not above 100, m 60 not over 90, and m 21 the rate was not over 80 

Dicrotism — ^There is no disease m which a diciotic pulse occurs so fre- 
quently It may be maiked early m the course and continue throughout 
It IS probably due to the i eduction of the tension of the arteiial wall In 
rare cases the pulse may show several secondary waves The dicrotic pulse 
is generally most marked m adults, in children it may be present but as a 
lule IS not marked In patients Avitli arteriosclerosis it may be absent 

Rate — At the height of the disease the pulse may show marked variation 
It may become very rapid, 140 or over, and then it is usually small and run- 
ning These patients as a rule are seiiously ill and the prognosis is always 
grave The pulse rate may show a marked response to any nervous in- 
fluence This is especially evident in hospitals on visitmg days when the 
pulse rate of all the typhoid patients may show a definite increase vhich is 
usually persistent for some hours 

A sudden inciease m the rate should ab\ays suggest careful search for a 
possible complication With the onset of pneumonia the rate may rise but 
it is especially impoitant with abdominal complications, notably hemorihage 
and peritonitis Hemorihage of any amount usually causes maiked increase 
and this may suggest bleeding befoie any blood has been passed There is 
sometimes a marked change in the pulse about the time of a hemorrhage 
This consists in a curious boundmg quality vhicli is rarely observed under 
any other circumstances With perforation and peritonitis theie is some 
increase m the majoiity of cases In very severe attacks toward the end the 
pulse may become so rapid and lunning that it can hardly be counted The 
records of this senes show that m 223, or 15 per cent , the pulse rate rose 
above 140 Of these, 46 were under fifteen years of age, and of the remain- 
ing 177 patients 86, or 48 5 per cent , died In 77 patients the pulse rate 
lose above 150 and 55 of these, oi 71 4 per cent , died In 51 patients the 
rate rose aboic 160 and of these 35, or 68 5 per cent , died In 6 the rate 
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rose above 170 and of these 4 died In 2 a rate of over 180 was noted and 1 
of these died Death followed in both instances where the pulse could not 
be counted Irregularity is not very common but, if present with a rapid 
rate, is of serious import, and of 13 patients with a pulse rate above 140, 
associated with irregularity, 9 died 

The tub baths make a considerable change in the quality of the pulse 
While in the tub the pulse usually becomes small and there may be difficulty 
m feeling it at the wrist This continues foi some time and as the interval 
from the tub increases the pulse becomes softer and more flabby The 
character of the pulse immediately before is m marked contrast to that after 
the bath The one is soft, flabby, easily compressed and relaxed, if one may 
use the term, while the other is usually firm and hard 

During convalescence the pulse rate gradually drops and may show re- 
markable variations Any little exertion or excitement may increase the 
rate from 20 to 50 beats a minute as seen in some patients about the time they 
begin to get about This may continue for some weeks and as a rule is not 
serious, although it should suggest caution m letting patients do very much 
Slowness of the pulse may be present during convalescence This is by no 
means uncommon and the cases seem to fall into two groups In one the 
slowness is not constant but is seen perhaps only during the morning hours 
of each day, Avhen the rate may be fiom 40 to 60 and later in the day rises to 
noimal This may continue off and on throughout convalescence To 
such cases the term bradycardia can hardly be applied In the second group 
we have the tiue instances of biadycardia, which is more frequent after 
typhoid fever than any othei acute infection The pulse may sink to 40 oi 
even 30 beats a minute and is usually small This slow late may continue 
foi a considerable time and the return to normal be very gradual It is 
perhaps most marked during the period of subnormal temperature so often 
seen during convalescence With the bradycardia there may be iriegularity 
or mtermittency In 117 patients a pulse rate below 50 was noted during 
convalescence In 6 a rate below 40 ivas noted, and the lowest, noted m 2, 
was 35 The fact that all of these patients lecovered is significant and justi- 
fies the opinion that it is not a serious condition It is apparently not to be 
compared in gravity with the bradycardia seen after diphtheria Irregularity 
with bradycardia does not seem to be a serious sign 

Heart — ^The heart cannot be said to show any changes peculiar to typhoid 
fever The variations in the rate, character of the sounds, etc , may be due 
to several factors such as fever, toxiemia, vasomotor paralysis with a secon- 
dary effect on the heart muscle, and myocaidial changes Dilatation may be 
presen .1 but it is not often maiked and is more common on the left than on the 
right side With the progress of the attack the impulse usually becomes 
feeble and the apex beat may be diffuse or completely absent 

Heart Sounds — ^These may be normal and unchanged thioughout, as is 
seen m mild attacks, but as a rule some change is noted The first sound 
usually becomes feebler and may have a muffled uncertain quality winch 
may progress until it becomes inaudible The second sound may become 
sharper and more accentuated as the disease progresses Certain of the 
descriptions of the heart sounds have come down to us from the days when 
typhus and typhoid fevers were confused 

In 1,125 cases of this senes the heart sounds were clear throughout In 
333 (22 per cent ), murmurs were heard at some time Of these, 16 were 
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thought to be due to previous valvular disease and one was associated until 
exophthalmic goitre Of the lemainmg 316 cases, the muimur ivas systolic 
in 312, diastolic in 1, and in 3 both systolic and diastolic Of the cases in 
which a systolic muimur was heard, the situation was at the apex alone in 
87, heard generally in 66, at the apex, tricuspid and pulmonic areas m 49, 
at the pulmonic area alone m 35, at the aortic and pulmonic areas m 
21, at the apex and pulmonic area m 20, and the remain der in various 
associated areas Of the 244 cases with a systolic murmur at the apex, this 
was present on admission m 199 The murmur was observed during the 
first three weeks m 85 per cent The murmur persisted through the attack 
and was present on discharge in 31 out of 138 cases m which the point was 
carefully noted The majority of these systolic murmurs were undoubtedly 
due to relative dilatation of the mitral orifice but it is altogether probable 
that some were associated with endocaiditis 

Endocarditis — ^This is one of the very rare complications of the disease 
Even large autopsy records give few instances, only 5 pei cent m the Munich 
statistics It was present in 6 cases of this senes, m 3 of which it was dis- 
covered at autopsy and in 3 the diagnosis was made clinically The mitial, 
aortic and tricuspid valves have been involved Instances of malignant 
endocarditis have been reported Typhoid bacilli have been obtained from 
the vegetations and aortic endocarditis has been produced experimentally 
in rabbits by the intravenous injection of typhoid bacilli In many of the 
reported cases other organisms have been found In the 3 cases of this 
senes staphylococci were obtained The clinical features are in no way 
peculiar, but m making the diagnosis of endocarditis the occurrence of a 
relative insufficiency must be kept m mind as a possible source of error A 
leukocytosis would be in favor of endocarditis Subsequent examination m 
a doubtful condition should make the diagnosis certain 

Pericarditis — This is also very rare and was present m 3 cases In one 
the patient was admitted on the ninth day with a well-marked rub which 
persisted for a week, and with this there was a bronchopneumonia Later 
there was slight pericardial effusion In the others, the pericarditis appeared 
in the fourth week In the two patients uho were conscious theie was 
complaint of severe precordial pain Death followed in one, and at 
autopsy typhoid bacilli in pure culture were obtained from the pericardium 

Myocarditis — To lay down definite rules by which this condition may 
be recognized is not possible Rapidity and irregularity of the pulse, gallop- 
rhythm, embryocardia, a feeble impulse with marked change m the chaiacter 
of the first sound or its becoming almost inaudible, may all be considered 
as suggestive signs Yet these may depend on vasomotor paralysis, and the 
changes in the myocaidium occur secondarily The appearance of a systolic 
muimur may be regarded as suggestive of myocarditis but may be due to 
other causes It is likely to occui during the lattei part of the second week 
and subsequently The points suggestive of muscular weakness are those 
noted above, to which a lowering of blood pressure must be added The 
changes noted in convalescence, either in the v ay of marked rapidity or of 
slowing of the pulse rate, occasional mteimittency oi iiregularity, suggest 
myocardial changes 

Reference should be made to the mstances of sudden collapse which occur 
at the height or tou ard the latter part of the attack Milder grades may 
occur with some exertion, such as strammg at stool, or after mental excite- 

^OL 2 — 10 
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ment, but these are larely serious, of short duration and corrected by 
stimulation In another group the collapse appeals suddenly and death 
follows rapidly The condition of the myocardium or seveie vasomotor 
disturbance may explain some of them The symptoms arc usually those of 
collapse, the patient looks very ill, the face pale and drawn, dyspnoea and 
s^^ eating may be present, and with these a pulse which is very rapid and felt 
■with difficulty Death may follow in a short time, stimulation not being 
of the slightest use Such conditions may occur after signs of cardiac 
weakness or may come on without the slightest warning uhcn the patients 
apparently are doing well 

Blood Pressure — The routine record of the blood pressure is of consider- 
able value but this must be taken throughout the attack to be of any help in 
the estimation of the patient’s condition or m the recognition of compli- 
cations It ma} be compared to the pulse rate, which u ould be of little help 
to us if u e took it only v hen the condition became serious or complications 
occurred As a rule the blood pressure record should be taken twice a day, 
in severe attacks it had bettfer be taken every four hours, while with the onset 
of suspicious abdominal symptoms it should be recorded every quarter of an 
hour vhile there is any doubt as to the condition For ordinary work, if 
systematic records are taken, only the systolic pressure is necessary The 
ordinary systolic pressure (Riva Rocci instrument) early in the disease vanes 
from 115 to 125 mm Hg There is usually a gradual fall during the course 
until at the end of the febrile period the pressure a^erages 100 to 110 mm 
Hg Two or three weeks after the beginning of apyrcxia the pressure has 
usually returned to normal 

Artenes — Acute complications in the arterial system during the course 
arc uncommon but, as Thayer has shown, conditions may be set up winch 
lead to the development of a considerable grade of sclerosis Of the acute 
conditions aortitis has been described but is probably rare Theie was no 
instance in this senes Fresh atheroma is not uncommon, but gives no 
clinical symptoms The most important condition is arteritis, which occuried 
in 4 patients of tins senes — in 1 in the middle cerebral, m 2 in the femoral, 
and in 1 in the brachial artery It is probably due to a localization of the 
typhoid bacilli or of some other organism in the wall of the vessel It is a 
matter of doubt as to whether or not we have arterial thrombosis without 
a previous aitentis, but the evidence at present suggests that this is rare 

The symptoms of arterial thrombosis usually appear late m the disease 
If in one of the vessels of the extremities, the first complaint is usually sudden 
severe pain along the course of the artery With this, marked local pain and 
tenderness are associated, redness and swelling, with perhaps slight inciease 
in the size of the limb, usually follow but as a rule with little or no oedema 
Soon there is marked diminution or disappearance of the pulse in the aitery 
peripherally, the extremity becomes cold, bluish in coloi, and the surface 
may be somewhat mottled Following this, one of two things may happen 
(a) The condition gradually shows improvement, the pulsation returns, 
the extremity regains its natural temperature and color and is practically 
restored to normal Recovery is probably due to the collateral circulation, 
although channels may be formed through the thrombus In some there is 
slightly less pulsation and some slight disability in the affected extremity 
Unfortunately this favorable result is not the rule, and ve arc more likely to 
have (6) the development of dry gangrene This is usually ushered in by 
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an increase in the coldness and discoloration of the limb The gangrene 
may affect only the peripheral parts or may extend up to the site of the 

The above description applies to the cases where arteiial thrombosis ciccurs 
in the vessels of the extiemities When m the cerebral vessels coma and con- 
vulsions with a sudden termination may follow It may be that some of the 
instances of aphasia and hemiplegia are due to this complication Whether 
in the cerebral vessels or m those of the extremities it is exceedingly serious 
Minute emboli may occur m the kidneys and spleen, but as a rule give no 
distinctive symptoms Embolism of the pulmonary artery may be a cause of 

sudden death x-u j.i. 

Veins — Complications occur in these much more frequently than m the 

arteries Among 8,356 cases from the London Fever Hospitals thrombosis 
occurred in 171 (2 percent ) In this series there were 41 instances (2 7 per 
cent ) with the following distribution femoral 23, popliteal 5, iliac 5, vems of 

thecalf 5 , internal saphenous 3, common iliac 1, axillary vein 1 In distinction 
to arterial thrombosis, a great majority occur m the vems of the leg, thus in 
this series the site was m the v^eins of the arm m 1, and m the vems of the leg 
or in the iliac in 40 There is always a preponderance on the left side In 
this series thrombosis was on the left side m 28, on the right side m 5, and on 
both sides in 8 patients The onset is usually m the third week or later, 
about half of the cases occurring in the third or fourth week In about one- 
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Chili at the onset of tlirombosis 


thud of the cases, thrombosis appears after the temperature is normal The 
fiist symptom is pain which v'aries a good deal m its severity and mode of 
onset In the femoral vein it is usually referred along the couise of the 
fcmoial vessels but sometimes lower down in the leg In iliac thrombosis 
there is usually sudden sharp abdominal pain and, as this may be associated 
with tenderness and leukocytosis, perforation is suggested In thrombosis 
of the lower veins of the leg the pain is usually referred to the v^ein but m 
some there may be indefinite pains in the calf Even in femoral thrombosis, 
pain may be referred to the calf for two or three days before there are any 
definite signs 

There is usually some fever v\ ith the onset, cither an increase in the pre- 
vious temperature or a reappearance of fever if it has been normal In only 
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3 of this senes was theie absence of fever In a consideiable number a chill 
occurs, as m 11 of this series (Fig 12) This may be at the onset or 
during the height of the piocess As a rule there is some oedema, except 
m rare instances in which the saphenous vein and deeji veins of the calf 
are involved The swelling is often evident m the femoral region m 
femoral thrombosis befoi e thei e is any oedema of the leg There is frequently 
some local redness over the aflected vessel In a considerable number the 
thrombotic mass can be felt as a palpable cord Although mstances of 
detachment of a portion of the thiombus aie rare it is well to bear m mind 
that the thrombotic mass should be palpated as little as possible Leuko- 
cytosis occurs m the majoiity, the highest count in this series bemg about 
25,000 Of the cases v itli thiombosis, 5 resulted fatally but only 2 as a result 
of the thrombosis — one i\ itli axillaiy thrombosis from pulmonary embolism, 
and the other with thrombosis in the left iliac ^ ein from embolism of the 
inferior vena cava and right auricle While m many instances the process 
IS probably due to a local condition in the wall, associated with the pres- 
ence of typhoid bacilli, yet in others there may be a second mfection 
Thus m 7 of this series some other condition y as present, such as boils, otitis 
media, etc 

While not serious as regards the prospects foi recoveiy, thrombosis causes 
a great deal of annoyance, discomfort, and sometimes consideiable suffering 
It may greatly lengthen convalescence Gangrene may occur but is raie 
The subsequent history often shows that thrombosis leads to more or less 
permanent disability, depending largely on the vessel affected and on the 
extent to which the collateral circulation can be established In probably 
every instance of thrombosis of the larger vessels there is some permanent 
change The persistent swelling, especially after use, and the formation of 
varices are both very annoying Tlic varicosities may be associated with 
ulceration There is often marked weakness of the aflected limb and some- 
times troublesome muscular ciamps, especially after overexertion 

Of the causes of thrombosis we know little That mechanical factors are 
important is evident from the unequal distribution m the two femoral veins 
In some instances the geneial condition is thought to a factor, as shown by 
the term '‘marantie thiombus ” It seems piobable that a local phlebitis is 
the cause of many of the cases This is not necessaiily followed by a complete 
plugging of the vessel, and it may be that phlebitis y ithout much thrombus 
development is more common than is usually supposed Wright and Knapp 
have suggested that the large amount of calcium salts supplied by a milk diet 
may favor thrombosis To lessen the risk of this they suggest giving citric 
acid or causing partial decalcification of the milk by adding citrate of soda 
(gr 20 to 40 to the pint) 

Blood — The blood shows impoitant changes At the onset and for the 
first two weeks there is little change in the led cells but usually m the third 
week a diminution m their number appears wLich goes on as long as there is 
fever In long attacks the corpuscles may begin to increase before the tem- 
perature is normal The number of red cells may be temporarily increased 
by profuse sweating, diarrhoea, or A'omiting A sudden loss may occur with 
hemorrhage As a rule the average loss of red cells is about 1,000,000 per 
emm There is generally a drop in the hiemoglobm, which as a rule is 
reduced more than the red cells proportionally and returns more slowly to 
normal The appearance of many of the patients who have passed through 
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a severe attack gives no accurate idea of the condition of the blood as they 
look much more amemic than they really are 

Leukocytes — The changes in their number are of considerable impor- 
tance As a rule throughout the course, the number is diminished and this 
decrease is to some extent progressive with the severity and duration of the 
disease There is a certain degree of individual peculiarity and it is well to 
know the usual numbei of leukocytes m eveiy patient This is especially 
important if the leukocyte count is to be of any value m the diagnosis of 
complications Thus m one patient they may average 5,000, while m the 
next they may be only 2,500 With the onset of suspicious abdominal 
symptoms, a count of 6,000 would be much more significant m one patient 
than m the other There is naturally a certain normal variation but m un- 
complicated cases they rarely reach 10,000 per cmm , and 4,000 to 5,000 
may be regarded as about the average The baths, especially at the lower 
temperatures (70°), may cause temporaiy increase in the number In the 
differential count the most marked change is an increase m the mononuclear 
elements and with this the polymorphonuclears and eosmophiles are de- 
creased With tempoiary increase m the number of leukocytes as with the 
baths, the relative proportions remain practically the same In severe 
attacks, especially with a protracted course and marked toxremia, the leuko- 
cytes may gradually decrease until they are 1,000 or even lower This steady 
drop with severe toxiemia is usually of grave import The usual low count 
is an important aid in diagnosis It assists especially m the recognition of 
septic conditions, and in a patient admitted with abdominal symptoms 
suggestive of appendicitis the leukocyte count is most helpful 
The most impoitant conditions undei which leukocytosis occurs may be 
grouped as follows {a) Various septic processes, such as furunculosis, 
abscess formation, etc , aie nearly always accompanied by leukocytosis, 
v Inch may even follow abrasions of the skin (b) The various inflammatory 
complications such as pneumonia, phlebitis, cholecystitis, etc (c) Hemor- 
•) hage This is frequently followed by leukocytosis, vhicli begins very soon 
after the bleeding andreaches its maximum as a lule v ithm twenty-four hours 
(d) Pei foiahon Safe conclusions from the leukocyte count can be drawn only 
if there have been careful counts beforehand It is also essential that with 
the onset of symptoms counts should be made every hour If they are made 
at mtervals of four hours, a slight leukocytosis lastmg for only two or three 
hours may be completely overlooked The various changes m the leukocyte 
count with perforation may be grouped as follows (1) Preperforative 
leukocytosis may occur This is thought to be due to a local peritonitis about 
the deep ulcers before they actually perforate but is probably very rare, 
especially as at autopsy the peritoneum over the deeper ulcers may be found 
markedly mflamed (vithout peritonitis), vhiledurmg life these patients did 
not have any leukocjtosis (2) There may be no increase m the number or 
e\ en a diminution after perforation Repeated counts are necessary before 
one can be certain of this Such a condition suggests either a very severe 
infection vitli marked prostration or that the peritonitis is of a malignant 
tjqie As a rule these are extremely gra'ie cases and offer little chance of 
recovery after operation (3) There may be a slight leukocytosis lasting for 
onh tv o or three hours and then a rapid return to normal for that patient or 
c^en belov the normal As already stated this vill be recognized only if 
frequent counts are made (4) ^Marked leukocjtosis ma} occur, and this 
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may show a steady increase from houi to hour Such an increase is not 
necessarily due to perfoiation and may be some othei acute condition In 
otheis there may be a fairly marked leukocytosis which lemains at about 
the same point The association of leukocytosis ith the degice of infection 
does not follow any rule, but m general teims it seems true that with a 
severe, acute abdominal infection, especially with streptococci, the leuko- 
cytosis IS not likely to be maiked As a lule the differential count sliovs 
variations from the usual figures, as the polymorphonuclears may not show 
the relative iiici case which usually occurs with leukocytosis 

Late Effects on the Circulatory System — The view has been gaming 
ground that typhoid fevei may cause more permanent changes in the vascular 
system than was foimeily thought Thayei* has studied this in 169 patients 
of this series Examination ol the heart shoved that the average size vas 
greater than in the same patients on admission to the hospital In 12 
patients, who were discharged with apparently a normal heart, evidence of 
organic disease was found, 8 of these having mitral insufficiency vith hyper- 
trophy Of 31 patients vho had a systolic murmm during the attack, 20 
had a murmur which in 5 was evidently of mitral msufficiency and in 1 of 
mitral stenosis In the other patients a diagnosis of organic disease could 
not be positively made The radial arteries were palpable much more 
frequently in the individuals who had had typhoid fever than in a control 
series, the figures being 4S and 17 pei cent This was supported by the 
observation that in a study of the frequency as to the palpability of the 
ladial arteries, of 943 patients in whom the radials veie felt, nearly 20 per 
cent gave a history of typhoid fevei, while of 231 vho had not palpable 
ladials only 10 8 per cent gave a history of the disease One patient who 
had arteritis vith possible parietal thiombosis in the left femoral artery 
shoy'ed enlargement of the affected leg and gave a definite history' of inter- 
mittent claudication The pulsation in the femoral and dorsalis pedis 
vessels was equal on the two sides but the posterior tibial pulsation was much 
weakened on the left side 

It is difficult to speak with certainty of the results of changes m the aorta 
These are frequently found at autopsy and undoubtedly exist in many 
patients who recover In 62 cases in which the condition of the coionaiy 
arteries was carefully noted there were 19 with definite sclerotic changes, m 
13 of which the process vas apparently recent In 4 other cases yellow 
opacities in the intima were noted 

Observations on the systolic blood pressure showed that the average in 
those who had typhoid fever was unifoimly higher than in those who had 
not had the disease These all suggest that m certain patients typhoid fevei 
does permanent damage to the vascular system 

The subsequent condition of the veuis Avas noted in 9 patients Avho had 
femoial thrombosis during the attack In all there had been moie or less 
disability and the affected leg Avas laiger than the other In 6 there had 
been oedema foi varying periods and in the same number theie had been 
pains m the leg, especially at night and after exercise In all there weic 
marked varicosities, Avhich in 6 extended to the epigastrium In 2 patients 
Avho had double iliac thrombosis, there Avere extensive varicosities over the 
abdomen, thighs and legs After thrombosis of the popliteal A'ein there Avas 

^American Journal of the Mcdxcal Sciences, IQQi, vol cxxa'U, p 391 
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enlargement of the affected leg, and after involvement of the veins of the 
calf theie was enlargement and in one patient cedema with varicosities 

The Nervous System. — The manifestations m the nervous system are 
the most important and interesting of the disease The older writers were well 
inspired when they gave it the name of “nervous fevei ” There are very few 
patients who escape without some nervous manifestations and of these head- 
ache IS the most common It is a frequent early symptom which may persist 
throughout the attack or disappear during the second week It may be 
refeired to one area, often the frontal or occipital region, while m otheis it is 
described as a dull, heavy pain felt especially in the vertex, and in some 
patients it may have a marked neuralgic character, affecting especially the 
orbital nerves The headache is often made very much worse by noise or 
movement It may continue throughout the course but in the majority, as 
the general features of the disease &come marked, the headache lessens or 
no complaint is made of it It is an old observation that epistaxis sometimes 
greatly relieves the headache 

There are certain symptoms, most common early in the disease, which 
may be referred to the nervous system These include indefinite pains m 
the back and sacral regions, general malaise, with at times roaring m the ears, 
dizziness and vertigo Insomnia is sometimes marked early in the attack 
As the disease progresses there is usually some dulness and stupor which 
may be of a very varying character The patient lies quietly, apparently 
normal mentally, but when questioned it is evident that there is some delay 
m cerebration and difficulty in answering anything which involves a test of 
memory It is not easy to obtain the history from such patients and after 
being questioned, they are glad to drop back into a quiet, drowsy state 
There are all grades between this and a condition in which the patient is 
eithei actively delirious or in coma vigil There are certain patients m whom 
instead of stupor there is a condition of marked alertness They are usually 
keen mentally and their sensory perceptions may be very acute This applies 
especially to hearing and should be kept in mind, as these patients may heai 
lemarks made some distance away from the room They are often veiy 
wakeful and suffer from continuous severe headache 

The patients usually go along in a fairly comfortable condition, they doze 
and wake without much difficulty, they are easily roused for nourishment 
and readily fall asleep again In this group it may be difficult to estimate 
exactly the mental condition Thus a patient may be to all appearances 
deal mentally and yet when the attack is ovei have no recollection of events 
V Inch have occurred Examples are seen m the visits of friends or of a con- 
sultant The patient may recognize a visitor and converse with him but 
later have no recollection of it This is of importance in regard to business 
aft ail's or the making of a will There are instances of patients, v ho mentally 
Mere apparently perfectly normal, making a will and after the attack having 
no memory of it The majority have little idea of time Three or four days 
may seem to them no longer than a couple of hours, or the period spent m a 
short sleep may seem a week This is common and should be kept m mind 
in considering statements made by the patient, as one v ho has been fed a 
short time before may say that he has received nothing for tvehe hours 
Tlirough credence given to such statements, unjust suspicion has been 
throvn on the nurse 
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The degree of stupor vanes greatly, it may be slight and perhaps 
most marked toward evening or through the night These patients often 
show lestlessness, tiy to get out of bed and wander about The gentle 
restraint of a draA\ -sheet is often enough to prevent this The condition may 
progress farther so that the patient lies in a dull state, taking no notice of his 
surroundings and oblivious of what is going on about him This may be of 
all grades but it is usually possible to arouse them, aldiough no mtelhgent 
replies may be obtained to questions It is difficult to arrive at any cleai 
idea of the mental processes in such states If the patients can be made to 
talk it IS doubtful if the information obtained is of much value In rare 
instances they will give accounts of fantastic dreams and sometimes wake up 
out of sleep apparently much alarmed At times there may be marked 
irritability and the patients complain of the nurses and attendants, resenting 
eveiything which is done for them This seems more frequent in patients 
who were irritable and neurotic before the attack Great self-control is 
necessary m those who aie handling such patients, as their actions and state- 
ments may be veiy annoying Children often shon marked irritability and 
they will whine and cry almost constantly when awake and resent all forms 
of treatment 

A distinction has to be made between stupor and sleep The patient who 
IS apparently quiet and sleeping may be only m a dull condition and may go 
for days without any sleep The extreme grade of this condition is termed 
coma vigil, a state m which the patient lies quietly, with open but unseeing 
eyes, sometimes seeming to follow the movements of those about him but 
really quite oblivious to his surroundings These patients sometimes make 
an effort to talk but the lesult is usually a meaningless jumble of words 
While m the majority the tendency is toward stupor yet in a number the 
delirium is of a more active character This may be of all grades The 
patients may be restless, active and noisy, with periods of special excitement 
at times Their vaiious impressions are appaiently acute and sometimes 
of an alaimmg nature so that they wake out of sleep quite disturbed Many 
of these are on the border line between dehiium and a psychosis Individuals 
react very differently to fever and toxiemia, very neurotic patients may be 
easily upset and certain persons become “flighty” with even slight fever 

It may be difficult to distinguish between a condition due to the effect of 
fever on an iriitable nervous system and that due to severe toxaemia 

Psychoses ‘ — These occur more frequently with typhoid fever than any 
other acute disease It is convenient to folloiv the classification of Kraepehn, 
who divides them into (a) the initial delirium, (l>) febrile psychoses, and (c) 
asthenic psychoses 

(a) Psychosis at Onset — ^This is not common but as a rule is severe and 
patients have been committed to asylums under the idea that they were 
insane In othei cases they wander away in a dazed state and perhaps are 
found long distances from home, quite unable to give any account of them- 
selves Thus one man was brought in by the police, having been found 
wandeimg about the streets and not able to give his name or address This 
may be termed a confusional state In others the features are more like 

1 is no general acceptation as to what should be considered a psychosis in 

typhoid fever. Some writers regard every instance of delirium as a psychosis, nhile 
others hold that febrile delirium does not imply this The subject has been consid- 
ered by Farrar American Journal of Insanity, 1902, vol lix, p 17 
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those of mania These patients are often violent, attempt to escape from 
their surroundmgs and aie prevented with difficulty from injuring them- 
selves In this group are many of the instances of patients who crawl into 
fi eight cars, barns, etc , and remain concealed for days The features are 
those of an acute mtoMcation These early manifestations are likely to 
occur in mdividuals who have a psychopathic tendency The patients belong 
to two classes, one showmg the features of a maniacal state, the other of more 
or less confusion The piognosis m the first group is grave, death occurring 
111 a large percentage, changes have been found in the cortical cells 

(5) Feh lie Psychosis — ^This is the largest group The etiological factors 
are probably two, fever and toxaemia Different writers ascribe a varying 
degree of importance to each of these While it must be recognized that 
fevei may be largely responsible for mental features, yet from a clinical 
standpoint one is impressed by the importance of toxaemia as seen m patients 
without high fever but veiy toxic On the other hand, some patients show 
a marked improvement m the mental state with any drop m temperature 
The definite psychoses, as Farrar says, show no distinct clinical type but 
have only the specific etiology They are very various and difficult to classify 
but may be divided into (1) conditions associated with hallucinations, which 
by some writers are described as partial or acute insanity, (2) maniacal 
delirium, and (3) stupor 

1 In this group come what may be regarded as the most typical examples 
of psychoses Among these there are many instances of patients having 
curious ideas about their bodies An example of this was seen m a patient 
who had been at times delirious and rather restless One day he was found 
in great distress because he thought he had lost both his arms He held up 
his hands to show the stumps and nothing that could be done with his hands 
would convince him that he still had them In his condition it vas not 
possible to determine definitely the state of sensation m the hands Some of 
these ideas may be very grotesque One patient imagi ned that all his abdom- 
inal viscera had been removed, which naturally gave him extreme distress, 
but with convalescence this idea gradually disappeared Another declared 
that his “insides vere rotten” from havmg soaked up water m the baths, 
later he thought Ins legs had diopped off and that new ones were growing 
In some, dehiium would not be suspected unless all the circumstances are 
known, as sliomi by an intelligent woman who had done a certain amount of 
musing She had a moderate attack and was apparently perfectly clear 
mentally She complained of rather severe abdominal pain, which was 
leheved by stupes, and she had a comfortable night Next morning she gave 
a most detailed, circumstantial account of having had an attack of appen- 
dicitis and of the opeiation which had been performed duiing the night 
She gave the name of the surgeon and his assistants, with details of what they 
had said to her I\hen an attempt Mas made to examine the abdomen she 
begged us to be careful not to disarrange the bandages She seemed so clear 
mentally and told the story m itli so much detail that anyone seeing her for the 
first time m ould have aceepted it as true In a few hours she realized that 
she M as mistaken and had imagined the m hole story, but for some time m hen- 
ever she m as a little confused, as after m akmg from sleep, the ideas m ould 
return 

The fiequent occuirence of these conditions m the colored patunts is 
striking and they furnish a relatn ely laige proportion In many the delusions 
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aie especially associated with horses and teaming Tins may be due to the 
tact that the coloied waid is close to a street on Avhich a good many wagons 
pass, so that the patients can hear the men callmg to the horses This type 
of delusion regardmg occupation has been seen moie m the male than m the 
female colored patients In other cases the patients’ delusions may be 
associated with the idea of getting out of the hospital Thus one patient 
Mitli a moderately seveie attack had been rather excited and restless during 
the eaily part of the disease but had done well On the sixteenth day she 
was delirious On the twentieth day she had distinct delusions She thought 
hei husband was m the ward and that he had ordeied her to put on hei 
clothes and go home This gave hei great distiess and she cried constantly 
foi her clothes and to be let go Four days later the tempeiatuie became 
noimal, the symptoms cleared and she was dischaiged well on the thirty- 
sixth day In othcis there may be periods during which the patient is in an 
exalted mental condition alternating with periods of depiession These 
seem to be moie common towards the end of the attack 

2 Maniacal delirium may occui duiing the course Thus one patient 
■who had profuse hemoirhages seemed so Aveak that one Avould have thought 
he could not get out of bed lie had been rather irritable for a day or tivo 
but no special change had been noted He suddenly jumped out of bed and 
attacked the oideily A\ho was in the loom The patient was able to over- 
powei the orderly and succeeded in putting him on the door partly under the 
bed It was only by the aid of the house officer that the patient Avas put back 
to bed During the struggle he fought furiously and succeeded in biting the 
physician's hand Pie Avas given morphia hypodeimically and after a feiv 
houis’ sleep Avoke up m a perfectly quiet condition 

3 The condition of stupor needs no special description The patients may 
he perfectly quiet or in a mutteiing dehiium From the AAmrds which can be 
undeistood it may be CAudent that they have delusions of various kinds 
Others may he quiet and lefuse to take any nourishment This type is 
usually most marked aftei the febiile period These febiile psychoses may 
teiminate Avith the fever or persist into convalescence Belonging to the fiist 
group are the majority of those AAdnch are associated diiectly Avith the fevci 
and toxmmia In the majority the duration is not more than a Aveek Only 
a Amry small number, given by Kiaepehn as 3 2 pei cent , last for a year 

(c) Asthenic Psychoses — It is easily seen hoAV favorable the time of con- 
valescence IS for the development of a psychosis The long duiation of fever 
and toxmmia, the marked emaciation, anaimia Avhich may be present Avith or 
Avithout hemoirhages, all favor the development of mental changes Kiaepe- 
lin divides this group into three (1) Isolated delusions oi fallacious sense 
peiceptions, (2) conditions of exaltation, and (3) conditions of quiet de- 
pression, including states of mental AA'eakness An example of the first group 
Avas seen in the instance m Avhicli the delusion that the patient had groAAii 
new legs persisted from the febrile period into convalescence Another Avas 
that of a patient Avho during the fever thought he had been arrested and sent 
to jail, Avhere he supposed he was This idea persisted into convalescence 
and it Avas Avitli great difficulty that the patient realized that he was m a 
hospital The outlook m these cases is favorable, AVitli the improAmment in 
the o-eneial condition the psychosis usually disappears 

tSc second group includes various forms Thus in one instance there aa as 
acute delirium Avhicli occurred after hemorrhage Avith marked exaltation 
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Sometimes the patient shows more or less exaltation which continues for 
some time during convalescence In others there is a state of depression in 
which the patient lies perfectly quietly and with this there may be halluci- 
nations The outlook is always seiious, especially when there is difficulty in 
feeding the patient The outlook in this group is probably less favorable 
than in the febrile type, although the large majority of the patients recover 
The history before the attack, as regards heiedity, etc , is probably an 
important factor hlental symptoms may appear some time after the 
attack It IS difficult to state how long an interval may elapse befoie 
an attack of fever can be regarded as without influence on a subsequent 
psychosis 

As regal ds the frequency of peimanent mental changes after typhoid 
fever, there is considerable difference of opinion between the clinicians and 
the alienists It is natural that the latter should be more impressed by its 
fiequency than the former Edsall in discussing typhoid insanity has pointed 
out that the cases are more common than has been generally supposed, but 
it IS difficult to give any positive statistics It would be interesting if we 
could deteimine the incidence of tjqjhoid psychoses undei various forms of 
treatment With the bath treatment the usual nervous manifestations are 
greatly diminished m frequency, and it would seem reasonable to suppose 
that the same is true of the graver disturbances Another point which has an 
important bearmg on their occurrence is nutrition It is important to feed 
these patients as well as possible It has been noted that if a patient with 
previous mental disease goes through an attack of typhoid fever, the mental 
condition may be greatly improved 

There are certain conditions which are difficult to classify In many 
patients after recovery there is a state usually termed neurasthenia, which 
varies all the v ay from a hjqiersensitive iiritabihty to depression veiy close to 
melancholia This may quite unfit a man for any work If he is a laborer he 
IS unable to do heavy work, or if in the higher walks of life there may be loss 
of memoiy, irritability and tendency to mental fatigue or confusion after 
very slight exeition If the patient persists in endeavoring to woik there v ill 
soon be marked fatigue and considerable depression Such patients may be 
niuch woriied and believe that recovery is not possible It maj be months 
or even yeais before complete recovery occurs in such a case These seem 
more likely to appeal m individuals who had a neurotic tendency before the 
attack and are undoubtedly favored by too early return to v ork 
The condition of the memory is interesting Early m the attack the 
patient may have almost entire loss of memoiy so that a history is obtained 
V itli difficulty Duimg the height of the fevei there may be almost complete 
loss of memory even when the patients are apparently not delirious When 
convalescence begins the majority of the patients find that the memory is 
much impaired This may be foi names, dates, and previous occurrences as 
well as ioi events which happened during the illness They may have 
forgotten things w Inch w eie know n before the attack Thus the patient may 
not be able to remember a single line of a poem with which he was perfectly 
familiar This is fiequently a gieat worry to patients, but as a rule the 
restoration is complete although slow In some patients there may be 
ffistciia or hypochondiiasis and with these marked depression The term 
mental insufficiency w ell describes some of these conditions Occasionally 
they ma} pass into moie serious mental states 
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Hystena — Manifestations of this are not uncommon The patients he 
quietly with the eyes shut and refuse to speak, or have typical hysterical 
attacks associated with ciying and noisy demonstrations When examined, 
they assume a look of intense suffering associated with patient resignation 
Others may complam of attacks of severe pain Thus one patient complained 
of intense abdominal pain with which he cried out so loudly that he disturbed 
the ward Thexe Avas pain on palpation and rigidity of the muscles Soon 
he became nauseated and vomited He made so much outcry and Avas so 
emotional that suspicion was aroused The attack subsided rapidly and 
subsequent manifestations lasted in ratio to the attention he received In 
others there may be emotional attaclcs associated Avith rapid sobbing respira- 
tions Some of them may be very noisy and scream loudly until exhausted 
Others may shoAv frequent rhythmical movements, more especially of the 
jaA\ With tliese there may be areas of hypeiassthesia, especially over the 
abdomen This complicates the diagnosis, especially m patients Avith 
abdominal pain, but the recognition of the superficial tenderness is of great 
help m suggesting hysteria In other patients there may be marked hysteiical 
dyspnoea or aphonia In fact, the manifestations may be as various as those 
usually found AAitli hystena A condition closely allied is catalepsy, AA'hich 
occurred m 2 patients of this senes There are usually associated hysterical 
features and the patient will keep the arm or leg m one position for some 
time With this he may he Avitli the eyes shut, apparently oblivious of his 
surioundings The condition is generally of short duration 

Tetany — ^This, while a A^ery rare complication, may occur and has been 
reported as especially prevalent m certain epidemics Cases have been 
reported by JaneAvay There Avas no mstance m this senes, although the 
Avriter saAV one example recently 

Tremor — In some.degree this is very common and varies from the simplest 
tremor to conditions Avhich might almost be termed a convulsion It may 
occur early m the disease m iiiitable mdividuals oi alcoholics During the 
height of the disease it is usually an indication of the degree of toxiemia 
Slight tremor of the tongue is common and of no special significance There 
may be tremor of the lips and irregular tAvitchmg of the muscles of the face 
More serious are the irregular muscular tAVitchmgs usually seen most 
markedly m the arms and trunk This may be fairly general or involve 
certain muscles and tendons, the so-called subsultus tendinum, while in 
otheis there may be irregular movements of the hands and picking at the 
bedclothes Other patients will often pick at the clothing of anyone coming 
near them, a veiy common trick bemg the attempt to take hold of the buttons 
on one’s coat, or the stethoscope, Avhile the patient is being examined In 
’ other cases there may be frequent rapidly repeated movements, especially of 
the arms Sometimes there is trismus and a condition almost like tetanus 
All these may apparently occur Avithout any organic lesions If strychnia is 
bemg given m laige doses the possibility of this being a cause has to be kept 
m mmd but this is readily determined by omittmg the drug for a few hours, 
when the symptoms disappear There may be quite marked tremor after 
the attack is over This usually disappears with increasing strength, but 
there are instances of its bemg permanent 

Memngitis — ^In some patients at the onset of the attack the meningeal 
sjanptoms may be so prominent that meningitis is suspected The delirium, 
retraction of the head and rigidity of the neck may suggest meningeal 
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involvement Such cases have been termed menmgotj^phoid Latei m the 
course the same symptoms may appear ^ In the lecognition of these con- 
ditions lumbar puncture has been of the greatest help The cases m this 
series have been studied by Cole, who divides them into three groups (1) 
Those V ith symptoms of meningitis m which no lesions were found or no 
relationship between the bacteiia and the symptoms This has been termed 
meningisme (2) Those m which the typhoid bacillus was found m the 
cerebrospinal fluid but without any lesions of a suppuiative charactei 
These may be termed serous meningitis (3) Cases of purulent meningitis 

1 This group should be described as tjnphoid fever with meningeal symp- 
toms rather than typhoid meningitis It is difficult to exactly limit the cases 
belonging to this group Its recognition is important, as it may lead to a 
wrong diagnosis at the onset, being regarded as epidemic or tuberculous 
meningitis, or during the course, when meningitis may be diagnosed as a 
complication It is important to remember that all the clinical features of 
meningitis may be present Keinig’s sign may be well marked apart fiom 
meningitis, as m 8 of the last 685 cases of the series It is important to 
keep this in mind, as certam writers make the statement that Kermg’s 
sign never occurs in typhoid fever apart from meningitis In this senes 
the diagnosis of this group was made either by the negative findings of 
lumbar puncture or by autopsy It may be noted that well-marked ankle 
clonus was present in two 

2 Serous Meningitis — In this there is a mild grade of inflammation 
associated with changes m the meninges, which are microscopic and consist 
of oedema and round cell infiltration about the bloodvessels The exudate 
is serous and apparently usually contains tjphoid bacilli Cole has found 8 
cases m the literature and reported 5 from this series There is usually 
headaehe, mental dulness and either unconsciousness or delirium Con- 
vulsions occurred in 4 of the reported cases, v hile stiffness of the neck and 
retraction of the head vere frequent but not constant In 2 cases facial 
paralysis occurred Kemig’s sign was present m 2 cases and absent m 2 
The reflexes shov ed considerable variation In none of the cases was there 
a leukocytosis Death occurred in all the patients of this series but one, but 
this r\ as not necessarily due to the meningeal condition The most important 
point in the recognition is the result of lumbar puncture, m all the reported 
cases the fluid r\as clear and only a few leukocytes weie found, the amount 
varied from 20 to 60 cc T^qrhoid bacilli were grown from the spinal fluid 
in all The pressure did not seem to be greatly increased, but the removal of 
the fluid seemed to improv^e the condition Cole suggests that m the study 
of the spinal fluid from sueh cases the following points should be noted 
(a) Large amounts of the fluid, 4 to 6 cc , should be used for cultures, (6) 
the pressure of the fluid in the spinal canal should be estimated, and (c) the 
character of the cells in the exudate should be carefully studied The 
condition may be considered as analogous to that found m the other serous 
cavities and it may be that future observation will show that this tjpe of 
meningitis is more frequent than has been supposed 

3 Purulent MeningiUs — In this group there is a definite purulent men- 
ingitis associated with the Lqilioid bacillus Cole has collected 13 cases m 
the literature which he considers authentic, and there was 1 case from this 
senes The s\mptoms show no special diflerence from those of the serous 
tjqje The onset may be early or late but death as a rule follows vv ithin a 
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few days Delirium, muscular rigidity and incontinence of mine were 
marked features, but m only 1 case wcie convulsions noted and in only 1 did 
paialysis develop Priapism may be present Kernig’s sign was absent 
m the case of this seiics and also in 2 out of the 3 othei cases of purulent 
meningitis and in 3 out of 5 cases of seious meningitis The spinal fluid 
contained enormous numbers of typhoid bacilli and many polymorpho- 
nuclear leukocytes Other organisms may set up purulent meningitis, thus, 
infection may come fiom old ear disease oi be one of the manifestations of 
septiciemia Tubeiculous meningitis has been observed, as in one patient 
belonging to the serous type in whom typhoid bacilli vere obtained from the 
spinal fluid duiing life, and at autopsy fresh tubeiculous meningitis was 
found It is possible that the meningococcus might cause meningitis during 
an attack of typhoid fever It may be noted that meningeal hemonliagc is 
not common, small circumscribed hemorrhages may at times cause local 
lesions, but extensive hemoirhage is raic, although it has occurred in the 
hemorrhagic type 

Cerebral Lesions — These arc not common Hemonliagc, thrombosis, 
embolism, menmgo-enccphahtis or abscess, may all occiu, sometimes in 
convalescence, and following them there may be areas of softening It is 
difficult in many of the cases reported wuthout autopsy to decide wuth cer- 
tainty the character of the lesion Aphasia has occurred in a ccitain number, 
at times associated with nght-sidcd hemiplegia In the hteidtiire there are 
a number of cases, some of which may have been due to minute emboh, but 
in others it probably occuried without an organic lesion Bulbar paralysis 
has been noted and there are a lew' cases of abscess Hemiplegia occurs 
during the course oi in convalescence The condition shows no special 
peculiarity Paraplegia is not common Some of the desciiptions in the 
literature rather suggest that the weakness of the legs which sometimes 
follow's an attack may be due to it Gow'crs mentions that some patients 
never seem to be able to w'alk as w'ell after an attack of tyjihoid fever Mono- 
plegias have been leported, but there is ahvays a suspicion that they aie 
instances of neuritis Theie aie cases reported as having general choreic 
movements but there is always the possibility that they were true choica 
Instances of paralysis agitans coming on after typhoid fever are also de- 
sciibed 

Spinal Lesions — These like the ceicbral are comparatively raie Mye- 
litis may occur and in a case reported by Cuischmann ivas definitely asso- 
ciated w'lth the typhoid bacillus, which was obtained in sections and cultures 
Poliomyelitis has also been obseived m some instances secondary to typhoid 
fever 

Eeflexes — ^There arc many positive statements regarding the icflexcs 
but it does not seem possible to mve any constant lule They may be 
exaggerated or entirely absent and this variability is seen in oidmary attacks 
or in those with lesions such as meningitis The state of the reflexes may 
vary from day to day Kemig’s sign and ankle clonus may be obtamed m 
patients who apparently have no organic nervous lesions 

Convulsions — ^These are extremely rare, theie having been only 7 
mstances in this series They may occur under various conditions, (a) at 
the onset, as is especially likely m children (b) During the course and 
probably as a result of the toxremia These are not common and the toxremia 
IS only suggested as a possible explanation In one patient w'ho W'as very 
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toxic there •«erc repeated convulsions, but he made a good recoveiy and no 
othei cause could be found (c) A group due to cerebral complications, 
such as embolism, thrombosis, hemorrhage, etc , which are ahvays serious 

(d) In convalescence These are puzzlmg and it may not be possible to 
give any explanation, although m some instances they are due to hysteria 

(e) With other conditions, such as epilepsy or uriemia An epileptic who 
has typhoid fever may have his usual convulsions, although generally they 
occur rather less frequently during the fever Some v riters consider that 
epileptic scizuies are likely to be rather common during the attack The 
instances of convulsions due to epilepsy are not included in the 7 cases noted 
above Convulsions are alu'^ys serious, not from any danger m the con- 
vulsion itself but because they may be due to a serious cerebral complication 
Of the 7 cases in this senes 3 died It has been suggested that m some they 
are due to oedema of the brain or to local vasomotor changes Renal disease 
was the cause in one patient admitted with uriemia, who died m a few hours 
after several convulsions The autopsy showed a small sclerotic kidney and 
also the lesions of typhoid fever 

Neuntis — This is not common and occurred in 11 cases of this series, or 
7 per cent This does not include the mstances of tender toes Neuritis 
may occur during the latter part of the disease or in convalescence It may 
be either multiple or local 

Mtdhple Neunhs — As a rule this comes on during convalescence The 
four extremities or the legs may be involved It may be difficult to diagnose 
from poliomyelitis and it is probable that some of the cases in the literature 
put down as spinal disease are really neuritis Some instances of multiple 
neuritis are regaided as due to the alcohol given during the attack 

Local New itis — ^This may come on during the attack but more commonly 
vitli defervescence and convalescence The pain is often very severe and 
there may be great tenderness on pressure over the nerve, with marked 
wrist or foot drop in some cases In others there may be marked swelling 
of the affected limb and considerable circulatory disturbance The con- 
ditions which may result are veiy various, thus there may be quite marked 
contractuies, atrophy, curious trophic disturbances, chronic contractions of 
the muscles and sensory disturbances There are some conditions which 
suggest a slight grade of neuritis One of these is weakness m the legs w Inch 
is found wdien the patient begins to go about and as a result he has a curious, 
unceitain gait The majority of these suggest muscle rather than neive 
changes In others there may be a certain amount of pain w Inch is referred 
to the course of a nerve, especially the sciatic, but as a lule this is not severe 
and clears up in a short time Meralgia parsesthetica has been leported as a 
sequel In other cases there is considerable tenderness winch is rather ill- 
defined but increased by pressure on the muscles This also suggests 
m’vositis lather than neuritis In all such cases the possibility of a slight 
thrombosis must be kept in mind 

Tender Toes — This is regarded as being a local neuritis It may come on 
during the height of the attack or in convalescence but is rarely seen earlj 
in the disease The toes, especially their plantar suiface and occasionally 
the adjoining part of the foot, become extremely painful The patients 
usually complain first of the pain caused by the pressure of the bedclothes, 
but it often increases so that thev cannot bear an'^ weight or the gentlest 
touch It IS not uncommon to find emotional patients crving with the pam 
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but it rarely lasts more than a few days in a severe form Examination is 
practically negative and there is no redness or swelling It is generally 
supposed that the condition is more likely to occur in patients who have had 
the baths but it may be seen in patients ivho have had alcohol sponges only, 
and has been noted after an attack so mild that no hydrotherapy was neces- 
sary Under the bath treatment the thoroughness with which the patients 
are rubbed has a certain influence on the occurrence of tender toes The 
more thoroughly and carefully the feet and toes are rubbed while the patients 
are m the tub the less frequently tender toes occur 

Sp6Cial Senses — In general terms it may be said that mvolvement of the 
special senses is comparatively rare 

The Eye — The ocular complications have been especially studied by Bull 
and de Schweimtz Catarrhal con 3 unctivitis occurs during the febrile period, 
especially in severe attacks, and is probably associated with the decrease in 
secretion Keratitis is rare but has been seen in severe attacks Intis, 
choroiditis and inflammation of the vitrous have all been noted, while 
cataract has been observed in a few cases Retinal hemorrhages are said by 
Bull to occur fairly often, and may be part of the manifestation of the 
hemorrhagic type Embolism is extremely rare Double optic neuiitis has 
been noted, which may occur with meningitis or as a local process Hemor- 
rhage into the optic nerve is rare Optic nerve atrophy has been noted 
Paralysis of both the intra- and extra-ocular muscles may occur, and there v as 
one instance in tins series of paralysis of the extra-ocular muscles which came 
on early m the attack Slight local menmgitis seems the most reasonable 
explanation Little attention has been paid to changes m the pupil during 
typhoid fever Ptosis has been observed Amblvopia has been noted rarely 
Thrombosis of the orbital veins has occurred but is rare 

The Ear — Excluding conjunctivitis, aftections of the ear are much more 
frequent than of the eye Early m the disease there may be subjective 
disturbances, the patient complaining of roaring in the cars Deafness 
without any discoverable lesion occurs comparatively frequently and is often 
common in certain years and rare m others It may occur at the onset or 
usually more markedly during the course, and may appear suddenly or 
develop gradually during two or three days In some patients it may be 
diflcicult to decide whether deafness or stupor is the more important condition, 
and m those who are deaf the lack of attention to questions has been ascribed 
to stupor The explanation of deafness is difficult to give, but the subsequent 
course shows it is usually not a neuritis As a rule recovery is complete but 
m some the disturbance may last during convalescence and occasionally it 
may be months before hearing is restored Such cases and those with a 
permanent loss of hearing suggest a neuritis, although a local meningitis may 
be the cause As a rule the outlook is good and the patient is left with the 
healing unimpaired Otitis media is quite common and its frequency varies 
greatly from year to year Hengst among 1,228 cases found it m 29 (2 3 
per cent ) and m this series it occurred in 21 patients (1 4 per cent ) The 
ears should be frequently examined, as dull patients may make no complaint 
of pain and the condition is recognized only with the appearance of the 
discharge In some it is merely the lighting up of an old process but m 
others it is probably due to extension from the throat It is usually not 
serious, although it may extend to the mastoid In this scries there were 
several patients v ith redness and swellmg over the mastoid without any otitis. 
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but m no case was operation necessary The possibility of extension to the 
meninges has to be kept in mind The organism present is usually one of 
the pyogenic cocci In no case of this senes was the typhoid bacillus found 
in the discharge but there are a few instances m the hteratuie In some 
patients the otitis may appear duiing convalescence and be the cause of an 
elevation of temperature 

The Nose — Special disturbances here are rare Some patients complam 
peisistently of disturbed nasal sensations They smell a foul odor, although 
this is not perceptible to others, eithei about the patient or in the discharge 
from the nose 

The Renal System — In this are changes due to the febrile state, which 
show no special difference from those due to any fever, and also those peculiar 
to the typhoid infection The urine is usually diminished in amount, with 
abundant sediment and mcreased pigments The specific gravity as a rule 
IS increased and the reaction is strongly acid during the height of the attack, 
later often becoming neutral or alkaline The amount of urea and urie acid 
IS increased and may be double the normal, while the chlorides are decreased 
This description has to be altered if large amounts of water are given, for if 
the amount of urine be thus mcreased to three liters or more pci diem, the 
color is pale, the specific gravity much lower, 1,015, 1,010, or even less, and 
the reaction is very feebly acid, neutral or alkaline If large amounts of urine 
be passed, such as six or more liters, the specific gravity may fall even lower, 
to 1,001 to 1,005, and the color be very pale The investigations of Sollman 
and Hofmann on such cases shou'ed that the eliminating capacity of the 
kidneys was not injured There was no accumulation of fluid in the body 
and the total chloride secretion was increased Dfuretics did not increase the 
amount of urine 

Polyuna — ^It should be the endeavor to produce this in every patient 
The amount of urine passed is usually an index of the quantity of water 
given In patients who are not being given this "washing out treatment” a 
sudden polyuria may be observed, usually toward the end of the attack, 
although it may appear at the height of the fever This is analagous to the 
polyuria seen m other acute diseases, such as pneumonia 

The statistics of albuminuria vary greatly Thus Curschmann gives 15 
to 20 per cent , but in this series albumin was present at some period in 999 
cases (66 per cent ) Casts were found in 568 cases (37 8 per cent ) In a 
laige number albumin was found only during the first few days after ad- 
mission Thus, among the last 685 cases, albumin was found only on the 
first four days after admission and was not present afterward in 175 In 
many of these it u as found only during the first day in the hospital This is 
not peculiar to typhoid fever, being seen in other febrile conditions Albumin 
in the unne is ordinarily due to two causes, (a) the febrile state, and (5) 
changes in the kidney It is difficult to decide the number of each but in the 
great majonty it is due to the former In 150 others of the last 685 cases the 
albiiminuna persisted through a considerable part of the attack The point 
made by Curschmann that febrile albuminuria renders the prognosis dis- 
tinctly graver does not seem to be supported by the large number in this 
series 

The amount of albumin vanes but in manj is a mere trace, especially v\ hen 
present for a short time onb Tube casts maj be found but are usually 
scanty The duration of albummuria is rarely more than ten days, although 
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in some patients, what was regaided as febrile albuminuria persisted through- 
out the gieater part ol the attack Seveie amemia may be a cause of albumin- 
uria 

Among the special conditions is the onset with acute renal features, the 
ncphi otyphus ot the Germans oi fm me i enale of the French There was only 
one mstance in this series It is regarded as a sciious condition 

Pigments — There may be marked increase of the pigments Urobilm 
and indican may be found in large amounts but it is doubtful if either has 
any special significance Patients with large amounts of indican in the urine 
may have mild attacks with a complete absence of any special features 
The increase of indican cannot be eonsideied of impoitance in the recognition 
of the onset of peritonitis, nor does it necessarily mean any special intestinal 
condition 

The Diazo Reaction of Ehrlich ^ — ^The reaction was given in 61 per cent 
of this series In case of doubt the tube should be let stand for twenty-foui 
hours, when a gieenish precipitate is deposited if the reaction is given The 
frequency of its occurrence is much diminished if the patients are passing 
large amounts of urine, oi if present the reaction may be given very feebly 
In such it may be obtained by evaporating the urine down to a quartei of its 
bulk It may be present in the first three or four days or appeal as late as 
the fourth week and may return with a relapse Its value for diagnosis is 
distinctly lessened, as it occuis in othei diseases, such as malarial fever, acute 
tuberculosis, pneumonia and some of the acute exanthemata The reaction 
depends on incompletely oxidized products of nitiogenous metabolism 
which belong to the aiomatic compounds Acetone is often found in the 
urine (12 per cent in some series) and /?-o\ybut>ric acid occasionally The 
excretion of phosphates is diminished during the attack and incieases ivith 
defervescence The methylene blue leaction described by Rosso does not 
appear to be of any special value 

Bacilluria — ^This term m typhoid fevei is usually applied to the piesence 
of typhoid bacilli m the mine, although strictly speaking it includes any 
organism The bacteriological study oi the urine has increased our knowl- 
edge of the disease and thrown light on its transmission It is onl}'- in recent 
years that we have realized how often typhoid bacilli aie present m the urine 
and for how long a peiiod they may persist without causing any symptoms 
The incidence of bacilluiia will vaiy with the epidemic but especially with 
the care with which the urine is examined In many patients the condition is 
transient, only a few bacilli may be present, and without fiequent careful 
examinations these will be missed It seems reasonable to state that bacilli 
are present m the urine in from 20 to 25 per cent of all cases 

Bacilluria does not seem to be associated with the severity of the attack 
and in this probably lies a great danger m the spieadmg of infection The 
number of bacilli varies , there may be only a few or tliev may be so numerous 
that the urine has a distinctly turbid appearance This is sometimes so 
characteristic that the diagnosis can be made at a glance by holding a test- 
tube full of urine up against the light, when a curious shimmer is seen The 
number of bacilli in the urine has been estimated as sometimes amounting to 
several hundred thousand millions pci diem Tlie explanation of their 
occurrence is difficult That they are derived from the bacilli in the blood, 

^ The technique of this is described in works on laboratory methods 
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being passed out as it were, does not seem an adequate explanation as the 
periods of gieatest frequency m the blood and urine do not correspond 
Nor does it seem probable that local conditions m the kidney can be a fre- 
quent cause Direct passage through the bowel and bladder wall is a 
possibility but probably does not occur frequently In rare cases then 
presence may be due to local processes in the bladder itself The suggestion 
made by^Horton-Smith that they are derived from stray bacilli which reach 
the bladder and there find conditions favorable foi multiplication, seems the 
most likely explanation The curative results of local treatment support this 

Bacilluna does not necessarily cause any symptoms unless cystitis occurs 
The urine may show gross changes but microscopic examination is necessaiy 
if the bacilli be in small numbers The presence of actively motile bacilli in 
freshly voided urine is very suggestive Cultures are necessary to render the 
diagnosis certain, and care must be taken to differentiate the organism from 
the colon bacillus Bacilli larely appear m the urine before the third week 
and may be found for the first time in convalescence With bacilluna there 
may be albuminuria, pyuria or cystitis, but they are not necessarily associ- 
ated In addition to the typhoid organism the colon bacillus and various 
cocci may be found Bacilluna may persist for many years 

Pyuna — ^Tliis occurs in a number of cases but the exact percentage varies 
with what IS considered pyuria In many patients a few pus cells may be 
found but such can hardly be included under this term and m females only 
the examination of cathetenzed specimens can be considered Pyuria does 
not usually' give rise to any symptoms, and it is not necessarily associated 
with pyelitis or cystitis It is frequently associated with the piesence of 
oiganisms The possibility of an associated gonorrhoea being the cause has 
to be kept m mind The gonococcus and typhoid bacillus may be together 
in the bladder 

Haematuria — As a rule this is associated with conditions m the kidney, 
although the frequency of changes m the mucous membrane of the bladdei 
suggests that in some cases these may be the source of hemorrhage, as is 
undoubtedly true of some cases of cystitis The amount of blood does not 
beai any definite relation to the severity of the renal condition Haematuria 
IS of importance only as indicating other conditions Although necessarily 
of grave omen, there are many instances of recoveiy Hsemoglobinuria is a 
lare and serious condition, present m two cases of this series In a case 
reported by Musser and Kelly, there was hiemoglobmiemia wuth the luemo- 
globinuria 

Acute Nephntis — ^This may occur at the onset — ^nephrotyphoid — and 
may quite conceal the true nature of the condition It is often difficult to 
separate febrile albuminuria from slight nephritis and one may pass mto the 
other On this account it is difficult to state the fiequency of acute nephritis 
with any certainty In this autopsy series it was present in 8 out of 105 
cases, in 2 of w Inch it was hemorrhagic Curschmann puts the incidence at 
scarce!}" 1 per cent In the clinical scries 10 patients w ere regarded as having 
acute nephritis There are rarely an} symptoms suggestl^ e of urremia, and 
oedema is uncommon As a rule if the patient recovers, the renal condition 
clears up completely and the acute nephritis rarely becomes chronic There 
has been no such case recognized m this scries Chronic nephritis w as found 
at autojisy in 6, ha-i mg been present before the attack of fever Nephntis 
durmg con\ alescence is rare 
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Pyelitis — Tins may occur during the height of the disease or in con- 
valescence, and may be difficult to distinguish from cystitis There may be 
blood and pus in the urine at first, the pus continuing Severe pyelone- 
phritis may occur but permephritic abscess is rare The diagnosis of pyelitis 
may offer considerable difficulty In some patients during convalescence 
there was a sudden mciease in temperature with pain referied to one kidney 
With this there was tenderness on palpation in the region of the kidney, a 
sudden increase in the amount of pus in the urine, accompanied in some 
cases with a little blood Several of the patients showed a marked leuko- 
cytosis Such a picture suggests acute pyelitis The condition cleared uji 
entirely in all after a few days A definite pyelitis was found only once at 
autopsy and typhoid bacilli in pure culture were obtained In rare instances 
there may be a post-typhoid pyelitis with ulceration, erosion and the forma- 
tion of a diphtheroid membrane, which may be associated with a similar 
condition of the bladder 

There are rare renal conditions such as lymphomatous nephritis, infaicts, 
abscesses, etc , which are of no special clinical importance Multiple 
abscesses were found at autopsy in 7 cases 

Cystitis — Its frequency is difficult to state The diagnosis was made in 
32 cases of the senes (2 1 pei cent ) In patients who have bacillurui it is 
difficult to draw the line between pyuria, slight catairh of the bladdci, and a 
true cystitis Cystitis does not necessaiily lesult from the presence of typhoid 
bacilli in the bladder Pyuria may occui with the typhoid bacillus but also 
with the colon bacillus or staphylococci The cystitis offers no special 
features Some patients have practically no symptoms, oi there may be 
some pain with frequent and painful micturition Cystitis may be the cause 
of persistent fever, as in one patient ivho had an irregular temperatiiic of 
about 100° for over three months The organism Avas the colon bacillus 
As a rule cystitis due to the typhoid bacillus improves much more rapidly 
under treatment than when due to the colon bacillus Acute cystitis vas 
found at autopsy in 4 cases, not including the cases of hemoirhage into the 
mucous membrane of the bladder, winch are comparatively frequent In 
chronic cystitis the bladdei walls are likely to be thickened and the mucous 
membrane may show ulceration This was found in the case repoited by 
Young, in which the infection has existed for seven years Infection with 
the gonococcus m addition to the typhoid bacillus may take place In a case 
reported by Brown there was infection of the bladder from vithout by 
B iyphosm which had probably been introduced by a catheter 

Prostate — Abscess of the prostate was found once at autopsy The 
organism present was B potmis 

Urethritis — ^This has been noted n rare instances apart from a gono- 
coccus infection No direct proof of its being caused by the typhoid bacillus 
has been found 

Eetention of Unne — ^This is often troublesome and is quite common at 
the onset, when it may be partly due to the difficulty in urination which 
many patients have for the first daj' or two aftei they are kept in bed Later 
in the disease it may be associated with stupor, and in such patients the 
utmost care should be taken to prevent retention, for if distension occurs the 
patient is rarely able to void If retention has occurred there ihay be no 
complaint from the patient, but on examination of the abdomen there is a 
well-marked swellmg m the hypogastnum, which may extend up to the 



THE SYMPTOMS OF TYPHOID FEVER 


165 


navel The passage of urine does not exclude retention, as there may be 
constant dribbling from an overdistended bladder In some patients there 
may be severe abdominal pain with distension of the bladder 

Incontinence of Urine — ^This is most frequent m patients who are dull 
and stupid, and may be associated with distension Every care should be 
taken to prevent incontinence, or at any rate to prevent the urine soiling the 
bedclothes, the patients should be waited on frequently, but if this is not 
effectual some form, of urinal or bag should be used 

The Reproductive System — Gangrene of thegemtalia is rare m males, 
although there are cases m the literature in Avhich the penis and scrotum ivere 
involved In the female it is much more common and Keen reported 17 
cases The process may involve the external genitals or the vagina and 
cervix It may extend to the perineum or cause fecal fistufe Suppuration 
of the glands of Bartholin has been noted, associated with the B typhosus m 
pure culture 

Ovary — Abscess of the ovary has occurred and the typhoid bacillus been 
found m the pus Abscess in the tube has also been observed, as m a case 
reported by Scudder, with the typhoid bacillus in pure culture Hemorrhage 
into the ovary has been found at autopsy 

Menstruation — As a rule this ceases during the course of the disease, 
although at the onset it is not uncommon for menstruation to occur, often 
AVith a shoit inteival since the preceding period During the course of the 
disease it was present in 11 among the 438 female patients but not vith the 
profuse floAv which some ivriters consider common when menstruation does 
occur In the hemorrhagic type, bleedmg may occur from the uterus 
Menstruation may be a cause of abdominal pain In patients in whom there 
IS a possibility of pregnancy, hemorrhage due to abortion should not be 
mistaken foi menstruation It may be some months after convalescence 
befoie menstiuation le-appears 

Pregnancy — Among the 438 female patients m this series there ivere only 
6 who Aveic pregnant (1 4 per cent ) Abortion or piemature laboi occurs 
111 the majoiity Thus of 169 cases with full data collected by Sacquin the 
pregnancy was teiminated in 103 Of these, 124 were less than seven months 
pregnant, of whom 72 miscarried, and 45 were over this peiiod, with pre- 
matuie labor in 31 Lynch concluded that typhoid fever was more often 
seen in the fiist half of pregnancy, and that pregnancy v as most likely to be 
inteiiupted in the third month and in the second iveek of the fever Mis- 
cairiage occurred in 5 of the 6 patients, the sixth being delivered subsequently 
of a living child The occurrence of miscarriage or premature labor adds 
somevhat to the danger of the disease but not greatly 

The tAqihoid bacillus may pass flora the mother to the child in utero, 
usually in cases vith hemorihagic lesions in the placenta The child 
apparently always dies of the tjphoid septiciemia but does not necessarily 
show’’ intestinal lesions The agglutination reaction is not alw ays given by 
the foetal blood, and if present it mai come from the mother’s blood or may 
have been due to changes arising in the blood of the foetus 

Puerjieral infection with the B typhosus may occur There haAC been 3 
instances m the obstetrical department of the Johns Hopkins Hospital 
In one there was a localized lesion m the chorion from which the bacilli were 
obtained in pure culture 
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The Glandular System — Mastitis — ^Tliis is rare and occurred m 4 of 
this series, 3 being females In about half the cases in the literature both 
breasts were involved Suppuiation occurred in about half the cases and in 
a few instances the typhoid bacillus has been obtained from the abscess or 
by punctuie of the inflamed gland Mastitis may appear during the attack, 
usually after the thud week oi m convalescence In one patient both breasts 
were involved during the attack and one for the second time m a relapse 
There is usually pain, swelling and tenderness of the breast with elevation of 
temperatuie Leukocytosis is common The condition does not appear to 
have any unfavorable influence on the course of the disease Slight indura- 
tion of the breast occurs frequently, the patient may complain of pain or the 
condition may be discovered accidentally It is of no importance and 
rarely lasts long Pam may be piesent without any induiation In one 
patient calcification of the breast occuired after an abscess which followed 
the injection of calcium chloride solution 

No authentic instance of the occurrence of typhoid bacilli in the milk 
has been found I'he agglutination reaction may be given by the milk and 
was given by the colostrum of one piengant patient on the seventeenth day, 
while the blood scium gave it on the twentieth day, when typhoid bacilli 
weie obtamed by blood culture The agglutination reaction may be given by 
the blood of the nursing child, apparently having been conveyed by the milk 
Orchitis — ^This is not frequent and was piesent in only 4 cases of this 
series ( 27 per cent ) As a rule it appears late m the disease or in con- 
valescence It may come on with a chill, and if the temperatuie has fallen 
there is usually marked elevation In one patient it occurred at the begin- 
ning of a relapse As a rule the testicle is affected first, the epididymis later, 
the swelling may be marked and the pain is usually severe In the majoiity 
the condition is unilateral In a certain number suppuration has occuired 
(in 29 out of 69 cases collected by Blumenfeld), and in some of these typhoid 
bacilli were obtained The infection in such cases may be through the blood, 
but the possibility of its being by continuity has to be remembered The 
duration is usually fiom twelve to eighteen days, and following the orchitis 
there may be induration or atrophy of the testicle 
Thyroiditis — ^This is not an uncommon condition in some localities and 
is said to be relatively frequent in Switzerland It is apparently more 
common m patients who have enlargement of the gland It did not occur in 
this series The symptoms are pain, tenderness and some enlargement of a 
part or whole of the gland Dysphagia may occur, especially if the left lobe is 
involved The process may clear up entirely oi terminate m suppuration 
and the organism may be the typhoid bacillus or one of the pyogenic cocci 
Thyroiditis is most likely to appear m the latter part of the attack or during 
convalescence As a rule it is not dangerous, although m few cases there have 
been serious symptoms from pressure 

Lymphatic Glands — General enlargement of these may occur but has no 
special significance 

The Osseous System — ^Ijesions of the bones are more common after than 
during the attack In all the lesions the organism most frequently found is 
the typhoid bacillus and it is sometimes found m pure culture in the fluid 
obtained by aspiration of the su ellmg of periostitis In a few the pyogenic 
cocci are present, v hile occasionally the cultures are sterile The bacteriolog- 
ical findings in the bone lesions are thus contrary to those m the glandular 
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complications, ^lieie the pjogenic cocci are more frequently found than 
the typhoid bacillus We are indebted to Keen for an excellent account of 
this subject 

Periostitis — During the course of the disease tins is the most common 
osseous lesion, although it may appear m convalescence oi months after the 
attack Its frequency vanes gieatly, thus among 8,356 cases in the London 
Fever Hospital there weie 110 (1 3 pel cent ) but only 8 instances m this 
series ( 5 pei cent ) It occurs most fiequently in the iibs, clavicle, or bones 
of the extremities The sjnnptoms aie pain, tenderness and swelling, with 
redness over the affected area Theie is rarely any constitutional change 
The process may subside and recui later, there may be thickening -nhich 
persists for some time, or abscess formation may follow Peiiostitis is 
fiequently associated with changes in the bone 

Bone Lesions — ^The most common lesion is necrosis, then caries, osteitis, 
and osteomyelitis It is raie for them to appear during the course, they are 
more fiequent afterwaid The only instance m this series during the attack 
was in a boy aged ten years who had fluctuating masses on the frontal bone 
and on one rib The former contained gieenish pus, cultures from which 
were negative, the latter subsided vithout inteiference They appeared 
very eaily in the attack The time between the attack and the onset of bone 
lesions may be many yeais, inteivals of six and seven being repoited Piac- 
tically any of the bones may be affected but the majority of cases occur in the 
leg There is raiely any fever oi constitutional disturbance except m very 
acute cases, and m the majority the old term of "cold abscess” applies 
Pam, tenderness, swelling and sometimes redness are found locally As m 
periostitis the course is vaiiablc, the process may subside or there may be a 
recurrence but more commonly there is abscess foimation, and if pus is 
present the condition is likely to become very chronic If a sinus form or a 
paitial operation be done, suppuration may continue indefinitely and 
typhoid bacilli persist foi years In some cases there may be a sequestrum 
present In rare cases the piocess extends to the adjoining soft parts or to a 
joint This tendency to chronicity and recurience suggests the necessity of 
thorough treatment, no half measures are effectual The outlook is usually 
good, although there may be danger in the cases of mixed infection 

Typhoid Spine — ^This term is used to describe a gioup of cases m vhicli, 
usually toward the end of an attack oi during conialescence, certain sj'mp- 
toms appear which are lefeircd to the spine Attention v as first directed to it 
by Gibney in 1889 It usually follow s a mild attack and the majority of those 
affected are males In few instances the svmptoms apparently follow' trauma 
The onset is rarely longer than three months after the attack Marked 
neurotic features are common, pain is the most prominent s'V'mptom, is 
usually in the low er dorsal or lumbar legion and may radiate round the body 
or dow'n the legs It is lariable and may be lery seiere on movement 
There may be difficulty m walking, and bending of the spine be impossible 
Sw'elhng of the soft parts, kyphosis and scoliosis have been noted Rigidity 
and fixation of the spine, sometimes associated with tenderness, maj be 
found The reflexes may be altered and sjmptoms referable to the nerie 
roots arc common, such as se\eic pain, muscle sppsm and cramps, wasting, 
disturbances of sensation, etc Fe\er has been present when the condition 
occurred m com alesccnce The duration ^ aries from w ecks to manj months 
and relapse has occurred 
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There is much difference of opinion as to the nature of his condition, 
whether functional or due to organic changes The neurotic features shoun 
by many of these patients, the fact that suppuration does not occur — 
especially when we remember how common this is in typhoid bone lesions 
generally — speak for a functional condition On the other hand, the deform- 
ity, rigidity and signs of pressure on the nerve roots speak definitely for 
organic changes The most convincing evidence of organic change is given by 
the radiogiams In 2 patients (one witli a typhoid, the other with a paracolon 
infection) definite deposits of new bone were shown in the plates These 
are leported elseivheie ' The proof of bony changes in certain cases suggests 
that oiganic conditions of some soit aie probably present in many In some 
patients the hysteiical features aie so marked and the evidences of any 
organic changes so slight that a functional disturbance is suggested Others 
complain of pain in the back for months after the attack ivithout having the 
features of typhoid spine These, ivith the instances of persistent iveakness of 
the legs for a long time aftei an attack, may be examples of slight grades of 
spondylitis 

It IS perhaps best to classify the cases under three heads (1 ) those in ivhom 
the hysterical features predominate and in ivhom no organic changes can be 
found There is no disturbance of tempciature or pulse, the patient may 
declare that he cannot move his legs, which he does a few' minutes later wlieii 
his attention is directed elsewhere, there may be distuibacnes of sensation 
Certain other patients w ho complain of pain in the back w’liich may persist 
for months should perhaps be put in this class, the symptoms are not 
severe and they are usually able to get about w'lthout difficulty, some of 
these suggest mild varieties of typhoid spine Others have persistent w'eak- 
ness of the legs for a long period and some may belong to this group While 
the general neurotic fcatuies are the most prominent it is impossible to 
exclude slight changes in the spine (2) Periostitis or perispondylitis The 
occurrence of fever, pain, rigidity and evidences of nerve root involvement, 
all suggest a local process Gibney regarded this as a perispondylitis 
“meaning an acute inflammation of the periosteum and the fibrous structuies 
w'hich hold the spinal column togethei ” It can leadily be seen that even 
extensive inflammatory conditions may not give any positive local sign of 
disease (3) A group w'lth definite changes It may not be piopei to 
separate these from the former group, as they probably ahvays follow the 
changes mentioned there Lord in review'ing the reported cases found 
mention of deformity m 8 out of 26, these with the occurrence of rigidity 
suggest bony changes This has been proved by the a-rays plates' in 2 
patients, the plates showing distinct deposit of new' bone m the low'er dorsal 
and lumbar region 

The diagnosis of typhoid spine rarely offers any great difficulty, but the 
decision as to the exact condition present may not be easy A previous 
spondylitis should be excluded The radiograph should be of help in recog- 
nizing the cases with organic bony changes, and in every case of typhoid 
spine plates should be taken Tuberculosis of the spine is not likely to give 
much difficulty The local pain may be so severe opposite one part of the 
spine that abscess formation may be suspected The outlook is good, 
recovery being the rule Theie may, how'eier, be pain and tenderness for 


^American Journal of the Medical Sciences, 1906, vol cx'wn, p 878 
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months or, m some, years after Some disability and slight rigidity may 
persist and relapse may follow strain or injury 

Arthritis — ^This is a rare complication and was present in only 8 cases 
of this series, 4 being monarticular and 4 polyarticular Arthritis usually 
aiises spontaneously, but m rare cases it may be due to the extension of a 
bone lesion The symptoms require no special mention, there is pain, 
swelling and redness Arthritis may persist throughout the attack, as in one 
patient in whom the joints of the right arm weie involved on the fifth day 
This continued through a long attack, and on discharge on the eighty-eighth 
day theie was still some thickening about the wrist joint Suppuration and 
permanent ankylosis are lare The tendency to dislocation, especially in the 
hip joint, must be remembered Keen found that spontaneous dislocation 
had occuired in half the repoited cases, the majoiity being m young persons 
It usually occurs with serous distension of the joint in convalescence In 
rare cases the exudate is puiulent and a sinus may form The frequency of 
dislocation in the hip joint suggests care in watching for the onset of arthritis, 
and if it appears every effort should be made to prevent dislocation Except 
for this the outlook in arthritis is good If it be part of a septic infection the 
condition is more serious, but such are rare 

The Muscles — Degeneration is of more inteiest pathologically than 
clinicallv, for symptoms are rarely observed Hemorrhage may occui into 
the substance of the muscle, and should this become infected, abscess forma- 
tion follows Rupture is rare and no instance occurred in this series In 
the majoiity it is late m the disease, generally in males, and often thought to 
be due to movements in delirium The symptoms are sudden pain and 
tenderness There is usually a luematoma, and suppuiation often follows 
The typhoid bacillus has been found in the pus The complication is a 
serious one because it usually occurs in severe attacks In some instances 
suppuration in the abdominal muscles has extended to the peritoneal cavity, 
so that It IS well to open freely as soon as suppuration occurs m this situation 
In some patients there is a condition seen during convalescence which 
suggests a myositis There is tenderness on handling or pressing the muscles, 
which may continue for some weeks but usually gradually disappears 
Phlebitis and neuiitis must ahiays be excluded 

Abscesses — No part of the body where abscess may occur is exempt 
The t^qihoid bacillus is the causal organism in a varying number of cases 
d(. pending on the site of the abscess In other cases the typhoid bacillus 
and other organisms — usually the pyogenic cocci or colon bacillus — are 
associated, or these organisms occur alone They may be classified as 
follows 

1 Abscesses in the skin, subcutaneous tissues, muscles, bones and con- 
nectne tissues These are common, especially if boils are included They 
usually appear late in the disease or during convalescence If they appear 
as sequelai the suspicion of a periostitis being the cause should be considered 
Abscesses ma\ be situated an>x%here, perhaps most frequentlj' about the 
buttocks Thei are not uncommon m the perirectal region and may be due 
to perforation in the low cr part of the rectum In the abdominal muscles they 
ma'v be secondari to a h.ematoma In some regions, as about the neck, 
the^ may arise bi extension from one of the glands or from the larjnx 
The^ mai e^en extend to the mediastinum Aheolar abscess is not un- 
common, especialh in connection with carious teeth, and is of some graMty 
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as a general secondary infection mdy occur As a rule abscesses heal rapidly 
after incision 

2 In the viscera These are rare but have been noted in every organ 
The brain, lung, heart, liver, spleen, pancreas and kidney have been involved 
The ovary and tube may have abscess formation and perinephritic abscess 
has occurred 

3 In the glands Any of these may bo the seat of an abscess, especiallv 
the parotids, submavillary glands, thyioid, breast and testicle 

4 In the abdominal cavity Here there may be a great variety of curious 
abscesses After perforation, especially in the ileoccccal region, adhesions 
may wall off the abscess cavity and perforation take place later into the 
bowel or externally It is a question whether such abscesses may occur 
without perforation of the bowel but th s seems possible Subdiaphragmatic 
abscess is rare In one patient with perforation and general peritonitis a 
laige abscess was found between the right lobe of the liver and the diaphragm 
It Avas difficult to say ivliether it had been due to the perforation Abscess 
may folloiv suppuration in a mesenteric or retroperitoneal gland Pelvic 
abscess may occur, either by extension from the tube or from perforation m 
the rectum In one of this series a pelvic abscess was due to previous sal- 
pingitis 

Gangrene — ^This is not a common condition Keen collected 133 cases 
m his monograph It is not necessarily found in severe attacks only, many 
of the reported instances having occurred during a mild course The cases 
may be classed under the following heads (1) Superficial gangrene of the 
skin, remaikable instances of which hase been reported by Stam, Avho saw 
a number at one time (2) In association w ith bed-sores This is usually 
due to piessure but m some cases apparently occurs in areas not especially 
exposed to this It occurs rarely about the heels (3) In association ivith 
conditions in the arteries Plugging of the arteries may be due to embolism 
oi thrombosis, the latter more frequently The gangrene from this cause is 
of the dry variety and usually occurs in the extremities (4) With venous 
thrombosis This is rare, considering the frequency of thrombosis The 
gangrene is of the moist variety (5) A group of cases ivith gangrene occur- 
ring m various superficial areas, seen especially about the genitalia and 
perineum, especially in ivomen Other areas, as the lips, ears, tongue, uvula, 
etc , are sometimes involved Noma has occurred rarely There are a feiv 
instances of gangrene of the lung An area of gangrene on the abdominal 
w^all has folloived the prolonged application of an ice-bag 

Gangrene occurs m the lowmr extremities in a considerable majority 
Keen has laid emphasis on this as suggesting that the state of the circulation 
IS an important factor There is nothing distinctive about the symptoms of 
gangrene Pam if present is usually due to an associated condition, such as 
thrombosis 


DURATION 

The length of the attack varies greatly and no definite period can ever be 
set The average duiation in the last 600 eases of this senes was 29 4 days 
of fever and 49 days from the onset until discharge from the hospital (those 
with relapse or perforation and the fatal cases not being included) This 
docs not represent the length of stay m the hospital but the time from the 
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onset of the disease, and the patient was not considered free of fever until the 
temperature was normal during the whole tv enty-four hours Among 73 
patients with one or more relapses the average duration of fever in the 
original attack was 30 4 daj's and the average from onset until dischaige 
from the hospital 73 2 days It has never been the custom m the clime to 
discharge the patients at the earliest time that they seemed able to go 

RECRUDESCENCE AND RELAPSE 

The term recrudescence iS used here for periods of fever which do not last 
for more than a few days and are not accompanied by other signs, such as 
fresh rose spots Return of fever due to a complication is not considered a 
recrudescence A relapse must be characterized by at least two of the three 
important features of the disease, namely, a characteiistic fever-cur\e, 
enlargement of the spleen, and rose spots As a rule it is well to insist on an 
interval of twenty-four hours of normal temperature before the subsequent 
elevation, to justify a diagnosis of a true relapse The term mtercurrent 
relapse is used to describe those cases in which the temperature is dropping 
or has fallen perhaps nearly to normal and rises again, to remain elevated 
for some time 

Recrudescence. — ^The prominent feature is fever, which as a rule is not 
high and does not last for more than a week The patient may feel just as 
veil as befoie or complain of slight malaise and headache The cause of 
these elevations may be excitement, too much exertion, solid food, constipa- 
tion or a slight attack of diarrhoea In some patients it has been coincident 
with the appeaiance of typhoid bacilli in the urine and careful search should 
alvays be made for this when an othervise unexplained elevation of tem- 
peratuie occurs In the last 685 cases there were 18 regarded as recrudes- 
cence and m 3 of these there was also a relapse The average duration of 
fever was about one week The longest interval of normal temperature 
before a lecrudescence vas sixty-two days 

Relapse — ^This occurred m 172 patients in this series (11 4 per cent ) 
The figures given by different Avriters vary all the v ay from 3 to 15 per cent 
and a collection of 28,057 cases showed 2,493 of relapse (8 8 per cent ) ^ 
The number i aries from year to year and also in different localities We can 
lay dovm no positive rule that a certain period of apyrexia must occur before 
the use of the tcim relapse is justified, tor the general features must alvays 
be taken into consideration, and if the temperature has been steadily falling 
and almost normal for some time a sudden elevation of temperature vith 
the other signs should be considered as the beginning of a relapse In some 
cases it seems perfectly justified to make a diagnosis of relapse after onlj a 
fev hours of apjrexia although usually there should be an inter\al of 
tv entj -four hours of normal temperature Relapses may be divided into 
the ordimr\ and mtercurrent 

The Ordinary Relapse — ^The a^erage period of apjTexia betveen the 
original attack and the relapse is about 6 da^s and the longest intenal in 
this senes vas 43 da^s There seems little doubt that the predisposition to 
relapse is greater after a mild than after a se^ere primari attack and the 

'Statntic‘5 of Cur^chmanii Gerliardt Liebeimeistcr Jlurclmon Brand, Hare, 
J JlcCrac London Fe^er Hospital, and the present <5en&s 
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mildest cases may be followed by a very severe relapse After a severe 
primary attack a relapse is usually milder than the original In some 
patients the diagnosis may be made only with the onset of the relapse, when 
rose spots may be seen or the Widal reaction given for the first t-me The 
' onset may be very sudden with a chill and high fever or ivith complications, 
such as orchitis, glossitis or phlebitis Enlargement of the spleen seems to 
persist after defervescence in a large number of patients Aiho later have a 
relapse The pulse late sometimes uses before the temperature The 
symptoms do not differ especially from those of the primary attack, although 
as a rule the pulse is more rapid m the relapse, and dicrotism is said to be 
less common Hemorrhage and perforation are apparently much less com- 
mon in relapse, theie being only 2 instances of hemorrhage and 1 of perfora- 
tion among this series As a rule the course is more favorable than in the 
original attack, for among 172 cases of relapse there were only 5 deaths 
(2 9 per cent ) Some statistics give higher figures but the mortality is 
usually low 

One group deserves special mention — that in which the duration of the 
relapse may be very long or more than one relapse occur There are a 
number of instances with five relapses reported In these protracted cases 
the duiation of the disease may be almost a year, as in one of this series 

Intercurrent Relapse — This is fairly common, although it may be diffi- 
cult at times to say whether or not the diagnosis of mtercurrent relapse is 
•)ustified We can usually make it when the temperature has been falling 
jjut IS not down to normal and suddenly goes higher and continues elevated 
These attacks may be protracted and severe and are responsible for many 
of the cases which drag on for months The symptoms are not especially 
different from the ordinary attack, except that severe features may be 
present for a long period The death-rate is usually higher than m the tiue 
1 elapse In others there may be little but the fever, which sometimes seems 
as if it would continue indefinitely At times a patient may have a moderate 
or even slight attack without high fever, and at the end of the third week the 
fever becomes higher and all the symptoms are more severe It is doubtful 
whether such instances should be moulded under this term In some 
patients, especially after a protracted course, the temperature may fall to 
normal and then for several weeks run along at about 100° to 101°, and ith 
this there may be no special features It is hardly correct to term this a 
relapse Care should always be taken not to mistake a secondary infection 
for a relapse 

The explanations given for relapse are not very satisfactory It may 
occur when the bactericidal power of the blood is highly developed and may 
be then due to certain strains of bacilli having greater resistance and so being 
able to multiply But the whole matter is so involved wuth the difficult 
problems of immunity that many points must be left for future explanation 
As Ewing points out, the occurrence of relapses m typhoid fever suggests 
that more than the bactericidal powder of the blood or the neutralization of 
specific endotoxins is concerned For a time it w^as regarded as a re-infection 
but this IS contrar^f to the behavior of acute infections generally The gall- 
bladder wms considered to be a source of infection and the earlv giving of 
solid food, causing an increased flow^ of bile, w'as thought to explain certain 
instances in which the relapse seemed to be determined by dietetic errors 
But this can no longer be regarded as satisfactory, especially when we 
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consider how frequently the bacilli must persist m the gall bladder, not to 
speak of other localities The explanation that m relapse cases there is 
special involvement of the large intestine is not supported by autopsy 
records Durham has suggested the most satisfactory explanation In- 
fection IS the result of the action of a sum of a number of infecting agents 
which are similar but not identical, so that there may be a number of varieties 
and subvarieties If the members belonging to difterent varieties are nearly 
equal we have a “normal or isozymic” infection, m which no unit pre- 
dominates, each is affected equally by the anti-bodies, and no relapse results 
However, if one variety predominates we have an “abnormal or anisozymic” 
infection and there may be but small protection against one form, which may 
begin to multiply rapidly and cause a second infection In connection with 
this the finding of both the typhoid and paratyphoid bacillus m the one 
patient may be noted 


VARIETIES 

Different forms of the disease have been described and in some the most 
marked symptoms have been fixed on, so that such names as pneumotyphoid, 
nephrotyphoid, etc , came into use It does not seem advisable to use these 
designations, as they lead to confusion The symptoms in one system may 
be especially prominent at the onset and the same may occur during the 
course It is convenient to separate certain varieties but it is to be understood 
that cases do not necessarily confoim to any of these 

1 Malignant Ts^ilioid. Fever — ^The mode of onset is usually very 
sudden with high fever early in the attack, or more gradual with severe pro- 
dromal symptoms This variety seem likely to occur in young adults who 
are stout and well-nouiished From the onset the symptoms are seveie and 
there is often marked toxiemia with signs of cardiac weakness The patients 
sink into the characteristic typhoid state, the pulse becomes rapid and n eak, 
distension of the abdomen occurs frequently, diarrhoea may be present, and 
the fatal termination may come before the end of the second week Death 
IS usually from severe toxiemia, hemorrhages may occur but are not common 
In such fatal cases, at autopsj' the intestinal lesions are usually not far 
advanced and their extent does not correspond to the seventy of the clinical 
picture The prognosis is exceedingly grave and from the onset the outlook 
IS serious 

2 Mild Typhoid Fever — Tins is an exceedingly important group, 
especially as regards prophylaxis, for these -scry mild attacks may not be 
recognized and the patients are the means of spreading the disease Giie- 
singer suggested the term t>phus levissimus, vhile Brouardel proposed the 
name of typhoidette The cases may be dn ided into tv o classes, the first 
including those characterized by a mild and short course, the other those 
in V Inch, despite the short course, the onset is severe To this latter group 
the term of ahoi five t^phold is often applied, for although the attack begins 
vith se\ore manifestations, these suddenlv disappeai, the temperature soon 
falls, and the course is short In many instances these mild forms are taken 
for other conditions, such as malarial fcAcr, mountain fe\er, etc, vliile 
doubtless thev are not uncommonh put dovai as febriciila In epidemics, 
certain patients ma> ha\e slight fe\er, perhaps vith some diarrhoea, lastmg 
onb for a fev da^s 
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The recognition of this group comes tlirough one of two ways They may 
show characteristic signs, such as rose spots, or be recognized only through 
the routme Widal reaction In mild attacks the rose sjiots may not appear 
until after the temperature is noimal, and if there has been no suspicion of 
typhoid fever it is not likely that careful search would be made tor them 
after the fever has disappeared Sometimes the diagnosis may be made 
only by a relapse or the appearance of some complication The relapse is 
commonly more severe than the original attack In other instances it may 
be the onset of phlebitis that suggests the diagnosis Briggs studied the 44 
cases of this series which could be put under the heading of “mild” and in 
which the fever lasted two weeks or less Rose spots were present m 24, the 
Widal reaction was given in 26, and relapse occurred in 3 of the cases The 
routme Widal reaction has been of great service in the recognition of this 
group, the older statistics cannot be regarded as being as accurate as those 
made since its employment In the group with a sudden severe onset but 
a rapid defervescence the duration may be comparatively long and certain 
organs show marked involvement Curschmann considers that the rose 
spots are more often absent than in the ordinary cases These patients may 
show severe complications, such as hemorrhage or perforation 

AVe are not sufficiently impressed with the impoitance of this group 
Keeping their frequency in mind, the physician will watch more closely and 
have the agglutmation reaction tried more frequently in patients with mild 
fever It is easy to use every means of diagnosis to clear up a doubtful severe 
infection or at any rate there is the stimulus to do so, whereas in a mild fever 
with rapid recovery and the patient well it requires energy and a strong sense 
of duty to do it Even the patient may not appreciate iihat seems to him 
needless enthusiasm and care, still foi him it may be a safeguaid when v,e 
recall instances of a fatal relapse after a patient has returned to work, which 
gave the diagnosis with unfortunate certainty Foi the community the 
recognition of this group is most important and many instances of infection 
are probably due to the mild unrecognized attacks Their possibility 
should be especially kept m mind when the disease is prevalent and always 
in the case of children 

How mild may a typhoid infection be ? During epidemics persons may 
complam of symptoms which persist onlj-^ for a few days and theie is the 
suspicion that such may be instances of \ery mild infection The occurrence 
of typhoid bacilli in the stools of individuals who are apparently perfectly 
healthy is important m this connection These mild attacks may be com- 
pared to those seen during an epidemic of cholera, in which infections of 
very varying severity were found There are all grades from patients who 
have only a slight diarrhoea up to those with severe infections Then, too, 
duiing an epidemic, cholera bacilli may be found m the stools of apparently 
healthy mdividuals 

3 Ambulatory T3qphoid Fever — ^Tlns term is variously used and some 
confusion has arisen as to its meaning It is sometimes applied when the 
symptoms are so mild that the patient hardly feels ill enough at any time 
to go to bed and may be at work throughout the entire attack It is likely 
that a number of such cases are never recognized, as shovra by the fact that 
patients who have kept at work throughout the original attack occasionally 
come in at v hat is evidently the beginning of a relapse This type of case 
really belongs to the mild group The other use of the term is to describe 
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the group in which the patients have fought the disease and kept about on 
their feet This is seen especially among laboiers, sailors, etc , but also in 
the higher Avalks of life and not uncommonly in physicians and muses, who 
may keep at work for days n itli high fever The course is usually exceed- 
ingly severe and often within a few hours after going to bed the patients 
become dehiious and show marked nervous manifestations In others, hem- 
orrhage or perforation may be the first thing that makes them gi\e up 
One patient had kept at work until the onset of the seveie abdominal pain 
which accompanied intestinal peiforation This group comprises many of 
the patients who take long journeys to their homes and in whom the death- 
late is high 

4 Hemorrhagic Typhoid Fever — ^This gioup comprises the cases m 
which bleeding occurs from various parts of the body The term should not 
be applied to those v ith hemorrhage from the intestine only or to those v ith 
a petechial rash It is rare and occurred in only 3 cases of this series, in 1 of 
which there vere no intestinal lesions Liebermeister noted it in 3 among 
1,900 eases, and Uskins m 4 among 6,315 cases Curschmann had seen 6 
cases It may be present in the rnahgnant type, during the course of an 
ordinary attack, in the later stages or even in a i elapse, as in one of oui 
patients The bleeding is frequently from the nose, gums and intestines 
and less often from the lungs, kidneys or uterus Petechue frequentlj" appeal 
and may be seen between the rose spots, which do not necessarily become 
hemorrhagic There may be bleeding into the tissues, and cerebral hemoi- 
ihage has occuired In severe cases gangiene may follow While the above 
description applies to the severer cases it is probable that the milder ones aie 
not so rare as statistics indicate 

We are unable to give any explanation of the cause, in some it is anal- 
ogous to the hemorrhagic cases seen in other infectious diseases In otheis 
it may be associated with a secondary infection, especially of the pyogenic 
COCCI, or it may be a cachectic manifestation Raiely it may be due to the 
hemorrhagic diathesis oi to the association of purpura hemorihagica vith 
typhoid fever The coagulation time is prolonged The outlook is grave 
and the majoiity of the patients die — about tvo-thirds of those reported — 
although all in this series recovered 

5 Afebrile Tjrphoid Fever — This is described and while it is not pos- 
sible to deny that it occuis, still the cases must be very lare Some of those 
described in several recent articles had slight fever for some days and really 
belong to the gioup of mild cases The majority of those reported vere 
before the days of seium diagnosis In debilitated and old persons an attack 
may occur iMthout anj fe^cr There was no instance in this scries There 
aie ceitain possible sources of error, for patients w ith a ^ eiy mild attack may 
come under obser\ ation w ith an enlaiged spleen after the temperature has 
fallen to normal and rose spots may appear for the first time aftci this 
Variations Depending on Condition, Race and Age —Condition — 
Under this heading there are no positne facts to be considered, although the 
majority of phisicians ha^c certain ideas on the subject As a rule fat 
patients do badh and w e much prefer to ha^ e the lean t's pc to deal w ith 
hlany behe^e that patients who ha\e used alcohol freeh arc bad subjects 
In regard to the station in life there does not seem to be any speci il flifference 
between the upper and lower classes In those who h ne sufiercd jirn ation, 
the lack of care earlj m the disease is an important factor There is an idea 



176 


INFECTIOUS DISEASES 


very firmly fixed m the popular mind that those who have the disease were 
previously run down in health and so more sub]ect to infection, but that 
there is any basis for this opinion seems very doubtful It is certainly very 
common for patients to have been in excellent health before the onset 

Race — ^This is of interest in localities where the colored lace is present 
m large numbers The ratio of colored to white patients with typhoid fever 
in this series is about the same as in the total medical admissions The 
colored patient seems less resistant than the white The death-rate in this 
series among the colored has been piactically double that in the white (15 per 
cent in the colored and 7 8 per cent in the v lute) The colored patients 
seem to “go to pieces” more easily and if they have intestinal hemorrhage 
or severe toxiemia, especially with cardiac weakness, death may follow very 
rapidly, the outlook in these conditions in the colored being much worse than 
m the white It has to be remembered that colored patients are likely to 
have had greater privation and less care before admission 

Sex — No special difference is found as regards the sexes The death-rate 
IS about the same in large statistics Men are more likely to keep about on 
their feet and be admitted with severer symptoms Alcoholism is more 
common among them, while in the other sex pregnancy is the most important 
modifying factor, and if this be present the patients are exposed to somewhat 
greater risk 

Age — ^This plays an important role For the first two years of life the 
danger from typhoid fever is comparatively great, from two to fifteen there 
IS much less risk, while after forty the danger is greater and increases with 
each year of life 

Typhoid. Fever in Infancy — ^Formerly regarded as rare, we have 
learned that typhoid fever during the first two years of life is not uncommon 
The question has recently been studied by Griffith and Ostheimer, who 
collected 325 undoubted cases under the age of two and a half years Of 
these. 111 were in the fiist year, not including the congenital cases, of which 
they found 12 undoubted instances and quote 5 doubtful ones The piesence 
of the Widal leaction is not sufficient proof of the correctness of the diagnosis 
of congenital typhoid fever, as the alggutination may have passed from the 
maternal to the foetal blood thiough the placenta or after birth thiough the 
milk Intestinal lesions appear to be rare in these cases The death-rate is 
high and only 3 of the patients recovered Of those in the first year recovery 
was noted in about 25 per cent but it must be remembered that probably 
the diagnosis was not made in many instances of recovery In the second 
year they found 171 genuine and 7 doubtful cases, with recover}' in nearly 
70 per cent in which the result was given Of the cases in the first half of 
the third year 28 per cent died In their series the males and females were 
equal m number More than half of the cases occurred during general oi 
house epidemics A paratyphoid infection has been found in infancy 

The symptoms in infancy show some variation from those m adult life 
The onset is more variable and nervous features, which may suggest menin- 
gitis, are prominent Rose spots and enlargement of the spleen are apparently 
as common as in adultlife, whilehemorrhageandperforation are comparatively 
rare, probably due to the slight development of the intestinal lesions, with 
less tendeney to deep ulceration The duration of the attack seems to be 
shorter than m adults The mortality of the published cases is high but the 
milder cases are often overlooked or not reported Serious conditions some- 
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times follow recoveiy, such as deaf-mutism, aphasia, convulsions and 
arrested mental developement 

Typhoid Fever in Childhood — ^This offers no special features, e\cept 
that as a rule the couise is mild The fever may not be high but the pulse 
rate is often more rapid m proportion than m adults There are no special 
points of difference m the symptoms Children are very apt to pick at the 
nose and lips, so that fissures and bleeding often occur Distension of the 
abdomen is not uncommon but hemorrhage is comparatively rare In veiy 
young children the symptoms may be much like those of colitis The 
majority of writers state that perforation is very rare m children but such 
is not the experience m this series, as among 40 cases of perforation there 
were 4 m children under fifteen years of age Children seem to do very 
well after operation foi perforation, 3 out of the 4 recovering Among the 
complications and sequelie, aphasia, mental changes, otitis and bone lesions 
are apparently more common than m adults The duration of the fever is 
generally less than in adults and the mortality is less Children are said 
to be more subject to relapse than adults 

Typhoid Fever in the Aged — After forty, typhoid fever is much more 
seiious and the mortality is high As a rule, m advanced life the features 
are not so acute as at earlier periods The patients are likely to shoAV early 
delirium, usually of a low type, the temperature is not so high and often 
remittent Frequently the pulse is rapid and cardiac weakness appears at 
an early stage Severe bionchitis, bronchopneumonia and hypostatic con- 
gestion are common Enlargement of the spleen may not be evident, hem- 
oirhage is exceedingly grave m advanced life If lecovery follows, the 
convaleseence is likely to be slow' and protracted 
Typhoid Fever m Pregnancy —The association is not very common 
and in this series among 438 female patients 6 w'ere pregnant (1 3 per cent ), 
5 of whom aborted Considerable difference of opinion exists as to whether 
picgnancy gives a relative immunity against mfection with the typhoid 
bacillus, certainly during the piierperium and lactation typhoid fever is 
comparatn ely rare Abortion may occur comparatively early m the disease 
but in one of our patients it did not occur until convalescence While adding 
somewhat to the risk, pregnancy with tjqihoid fever can not be considered 
as being \ciy seiious An attack during lactation does not show any special 
features One patient admitted in the second week of a se\ere attack 
had mused her child up to the time of admission, he had suffered from 
diairhcea, which disappeared as soon as nursing was stopped, but his blood 
did not cne a idal leaction There are some cases of puerperal infection 
due to the f\j)hoid bacillus There liaAC been 3 of these in the obstetrical 
departinent of the Johns Hopkins Hospital One show ed a localized lesion 
in the choiion from which t^q)llOld bacilli were obtained 
Typhoid Fever in the^ Foetus — In a certain number of cases there is 
intra-iitcnne infection , the fostus show s a septiciemia w ithout mtenial lesions 
Inis 1 “' not m^arlable, as there arc instances in which the child escaped, as in 
some of this senes in which the Widal reaction was not gnen bi the blood 
of tlie foetus and cultures were negatne The conditions which determine 
the p iss.igc of the bacilli from the maternal to the foetal circulation arc not 
posit n eh known but probabb, some disease of the placenta is nccessaiw, 
and lieniorrhairic infarcts ha^e been found in seieral cases W hen the foetus 
becomes infected death follows m the majorih of cases but this is not 
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invariable The piesence of bacilli must be proved before a diagnosis is 
made 

“Colon Typhoid.” — Some -writers have dra-vim attention to a group of 
symptoms found -when the colon is specially involved These comprise a 
foetid diarrhoea, marked meteoiism, frequent hemorrhages, small in amount 
and of bright red blood, and a rapid do-nm-w^ard course 

Paratyphoid Fever — Some would separate the diseases due to the para- 
typhoid and paraeolon bacilli into one or two distinct groups, terming all 
paratyphoid or paratypho d and paracolon depending on the organism Epi- 
demics of paratyphoid fever have occurred from infeetion con^ eyed by meat 
At present it seems better to consider them all under the heading of “Typhoid 
fever” but further experience may prove the other method to be better 
The general features of these infections shm\ some difference Fox' has 
recently reviewed the subject They may be divided into tuo groups, A 
and B, with a relative frequency of 1 to 5 Some of the latter are much 
like the infections with B cntenhdis Fox considers that paratyphoid feier 
has a shorter period of mvasion, fever, and total duration The fever shov s 
more marked remissions Group A is more like typhoid fever than B, 
which resembles septicremia with a tendency in the complications to be 
more numerous, purulent and fulminating The range is described as being 
from subacute typhoid to severe acute meat poisoning Practically all the 
conditions found in typhoid fever may occur with these infections Refer- 
ence has been made to an instance of typhoid spondylitis and bony deposits 
with a “paracolon” infection The diagnosis of this group can only be 
made by positive blood cultures The serum reaction is not sufBcient 


ASSOCIATION OP TYPHOID FEVER WITH OTHER DISEASES 

This IS rare when we consider the number of possible combinations, and 
when acute infections occur together it is rare that one of these is typhoid 
fev'er 

Malarial Fever — Perhaps the most important association is that of 
malarial and typhoid fevers, not for their actual co-existence but on account 
of the ideas as to the frequency vv Inch have existed m the minds of so many 
of the profession in this country “Typhomalarial” or “malarial typhoid 
fever” is the diagnosis most frequently made of continued fever in some 
sections of the country Three conditions are included under the term (a) 
It IS applied to patients with malarial fever who are in the “typhoid” state 
or who have a very severe infection (6) A hybrid disease, formed by the 
union of malarial and typhoid fevers This disease, non-existent m the 
patient, still finds an abode in the minds of many of the profession Tins 
was the sense m which the term was used by Woodv ard, who introduced it 
in 1862 (c) The occurrence of the two diseases in the patient at the same 

time, which is the sense in which the term has been used by French writers 
especially A fourth class might almost be added, owing to the habit many 
physicians have of diagnosing many obscure febrile affections as “typho- 
malarial” fev^er It is to be hoped that the profession will cease to use the 
term and much can be done by boards of health refusing to accept it as a 
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cause of death In mortality returns “typhomalarial” fever may be con- 
sidered as practically always typhoid fever 

The actual association oi typhoid and malarial fe\ers is rare Lyon, who 
carefully studied the leported cases m 1900, found only 30 undoubted 
instances Craig, among 5,000 patients with malarial fever, found only 8 
with typhoid fevei In the report of the Spanish- American Wai Commission 
the total number of cases is put at 95 Among these, malarial fever m 3 
preceded the typhoid attack, m 2 both preceded and occuiied during con- 
valescence, m IS was at the beginning ot the typhoid attack, in 12 was co-in- 
cident, m 52 during convalescence, m 3 two to si\ months after the typhoid 
attack, in 4 undeteimined, and 1 was found at autopsy The infections weie 
co-incident m 12 cases only, and it is noted that some of these v ere open to 
ciiticism In 44 cases where the organism was determined, tertian was 
found m 22, lestivo-autumnal in 12, quartan in one, and in 12 there v as a 
combined infection There were 15 deaths among the 95 patients In this 
series there weie only 3 instances of combined infection When the reported 
cases are studied it is seen that the mlaarial parasites were found in the blood 
during the fever of the typhoid attack in a very small number In a large 
majority they appealed during convalescence, exactly as they may after a 
surgical operation or confinement if there has been a previous malarial 
infection 

Tuberculosis — ^This association is of interest in many ways Does typhoid 
fever predispose to tubeiculosis subsequently’ Does tuberculosis gi\e a 
relative immunity against typhoid fever’ This is difficult to decide by sta- 
tistics, but when we remember the large number of individuals vith tuber- 
culosis the percentage who have typhoid fever seems small The association 
may be considered as follows 

1 They may co-e\ist and a patient with iuberculosis have typhoid fe^er 
In this series a clinical diagnosis of pulmonary tuberculosis vas made in 6 
patients and at autopsy active tuberculosis was found in 7 cases, of which 2 
were in the lung and 5 in the glands One of the patients vith tuberculosis 
of the mesenteric and bronchial glands had also a tuberculous meningitis, 
and one with in vehement of the bronchial glands had Addison's disease 
In one patient the caseous bronchial glands had perfoiated into the trachea 
and one bronchus Evidence of old tuberculosis v as found at autopsy in 9 
instances, of v Inch 5 v ere healed lung lesions and 4 chronic pleuiisv There 
are instances of fatal pulmonary hemorrhage during the attack of typhoid 
fever One patient of this series had a sharp pulmonarv hemorrhage v Inch 
had no marked cftect on the condition INIihar) tubeiculosis and tvphoid 
fc\er ma> co-e\ist, as in a series of cases recenth reported by Andeis, but 
these are rare The occurrence of typhoid fe^er and tuberculous meningitis 
is ^cl> lare There v as one instance m this scries of glandular and meningeal 
tuberculosis vith tiphoid feier The patient vent through a seiere attack 
of tiphoid feier and after fiic dais of normal temperature meningeal simp- 
toms began, death occurring three vecks later 

2 Tubeiculosis mai follov tiphoid feier Bi some vriters this is re- 
gaided as being bi no nieas» rare, but it seems more probable tint in the 
inaioriti the dngnosis of tiphoid fcicr Mas vrong and the condition tuber- 
culous from the beginning In some patients a pre\ loush existing focus in ly 
be sfnnulated to greater actniti, as is probabh most common m glandular 
tuberculosis 
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3 The diseases may be mistaken for each other This is piobably the 
most frequent association, one disease m the patient and the other in the 
mind of the physician There are several forms which may lead to confusion 
(a) Acute Mihary Tuberculosis — This mistake may be made even with the 
possibility of it in mind As a rule the error is m mistakmg miliary tuber- 
culosis for typhoid fever rather than the reverse 

(&) Tuberculous Meningitis — This may show symptoms suggestive of 
typhoid fever, especially it the patient is not seen from the onset, but the 
absence of the characteristic signs of typhoid fever and the results of lumbar 
puncture should give the diagnosis 

(c) Tubeiculous Peritonitis — If the patient has been seen from the begin- 
ning there is rarely confusion, but later, especially if the history be indefinite, 
they may be difficult to distinguish 

(d) Glandulai Tuberculosis — If this be accompanied by constant fever and 
tovmmia the diagnosis may be very difficult 

(e) Pulmonary Tuberculosis — If the fever be constant and toxaemia 
marked there may be confusion, but a careful examination of the lungs should 
render the mistake unlikely 

In all of these a tuberculous condition is usually regarded as typhoid fever 
but the contrary mistake may be made, perhaps most commonly m patients 
w'hose attack begms vith marked pulmonary or pleural signs When 
meningeal symptoms are prominent early m the disease the diagnosis of 
tuberculous meningitis may be made 

Acute Infections — The coincidence of these wuth tj'phoid fever is rela- 
tively rare As regards scarlet fever, Fournier m a recent review of the 
literature found 75 mstances of the co-existence of this with tjqihoid fever 
Typhoid fever may precede, W’hich is the most common association, the 
diseases may occur together, as m an mstance reported by Hektoen, or 
typhoid fever may occur after the attack of scarlet fever, as in the leport by 
Bloch of an epidemic in a scarlet fever pavilion (there were 13 patients and 
in all a gonococcus infection was present also) Murchison noted mstances 
of double infection ivhen patients with different acute contagious diseases 
were treated m the same wards Caiger among 48,000 scarlet fever patients 
m the London Fever Hospitals reports 11 as having typhoid fever associated 
The prognosis of the typhoid fever does not seem any worse on account of 
the association Smallpox, measles, chickenpox and whooping-cough have 
been observed, usually coming on m the latter part of the attack of typhoid 
fever Typhus fever has followed the other disease, mstances having been 
noted where a patient with typhoid fever has been sent to typhus wards and 
contracted the disease Before the diseases were separated this must have 
occurred frequently Diphtheria may be seen m its usual form or, as m one 
of this series, there may be a diphtheritic membrane on the lips (from which 
the Klebs-Loeffler bacillus was obtained) without throat involvement The 
presence of the diphtheria bacillus is necessary for diagnosis, as a diphtheroid 
membrane may occur m typhoid fever Some cases of co-mcident infection 
W'lth the B typhosus and streptococci have been reported, both typhoid 
bacilli and streptococci being found in blood cultuies These are usually 
very severe and run a rapid dov nv ard course They are to be distinguished 
from mstances of secondary infection late m the attack of tjphoid fever 
Influenza and typhoid fever may co-exist, they may run concurrently or the 
mfiuenza may precede the typhoid attack In some cases a severe mfluenza 
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infection may simulate typhoid fever Erysipelas is not common Among 
1,635 cases of erysipelas, Anders found 2 associated with typhoid fevei It 
may occur during the height of the disease oi m convalescence, the occur- 
rence of bed-sores oi boils piobably favors its appearance Asiatic cholera 
and typhoid fever have been associated but usually one disease follov s the 
other Tetanus and anthrax have occurred with typhoid fever Gonorrhoea 
and typhoid fever may co-e\ist 

Gastro-Ultestmal Disease — ^The occurrence of gastro-mtestmal dis- 
orders apparently does not predispose to typhoid mfection Typhoid fever 
may occur m patients who have amoebic dysentery and Strong found 4 cases 
among 100 fatal cases of amoebic dysentery m Manila During the attack 
of typhoid fever the amoebae may not be found in the stools but reappear m 
convalescence One patient of this series entered the hospital for amoebic 
dysentery and was found to have typhoid fever The attack was uneventful 
but 111 convalescence an amoebic abscess of the liver developed He recovered 
after operation The seveie mtestmal features of typhoid fever, especially 
if there be extensive ulceration of the colon, may suggest dysentery, but the 
diagnosis should be made only if amoebae or B dysentena; are found 

TricluilOSlS — Until 1862 these diseases were always confounded There 
was one instance m this series of their association Trichinosis may simulate 
typhoid fever very closely, as the general features, enlarged spleen, rose 
spots — although they do not come out m successive crops — and diazo reaction 
may all be present 

ChromcDlseases — It has been thought that chionic nervous diseases and 
t 3 phoid fe^el rarely co-exist but this is probably not correct Patients vho 
ha^e epilepsy usually have fewei attacks during the course of the fever 
In patients with chorea the mo^cments usually stop during the attack but 
may recur in con's alescence In some instances the choreic movements have 
been much exaggerated at the onset of the attack Patients 'vsith hjsteria 
oi neurasthenia who have typhoid fe^er are often markedty benefited In 
a patient "ss ith diabetes mellitus the excretion of sugar maj' dimmish markedly 
or esen disappear during the attack The association is usually regarded as 
liaMiig a gra-sc piognosis and Curschmann points out that the temperature 
m these patients is often comparatively loss In one patient diabetes mellitus 
appeared six months aftci the attack of ttyihoid fever and another returned 
vithin a seal vith diabetes msipidus Tsphoid fe\er ma-^ de-selop m a 
jiatient vith cholelithiasis and a gi eater likelihood of cholecystitis might be 
expected In 4 of this senes, gall stones v ere found at autopsy', m 2 being 
associ.ited vith malignant disease 

Mahgnant Disease — Ttyihoid feier rarely develops m patients vho 
ha\ e 111 ihgnant disease and the difference in the ages of greatest incidence 
does not altogether account for this In this senes it occurred m 2 instances, 
one beaig carcinoma and the other sarcoma of the gall bladder In both 
the infection vith the B iyphosus vas apparently a termmal one 

Syphlhs — This association is not rare and a number of cases are scattered 
throimh the literature Some of the plnsicians m the South African A^ar 
considered that in patients vith s^•phIhs iiho contracted ti'phoid feier the 
outlook was grnc and the death-rate high 

Chronic Alcohohsni — Chrome alcoholics are usualh bad subjects and 
show a ^e^^ high mortaliti Thei lla^e slight resistance and are prom to 
serious cardiac manifestations, also beuig apt to show marked nervous m ini- 
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festations with low delirium, marked restlessness and great prostration 
Active delirium tremens does not seem to be very common in typhoid fever 
Cuischmann considers that alcoholics are especially apt to have severe 
hemoirhages and-aie also more liable to lenal complications 

Appendicitis. — The lelation of this condition to typhoid fever is an 
important one 

1 One may be mistaken for the other Tins is by no means infrequent, 
usually the patient with typhoid lever is thought to have appendicitis 
Abdommal pain, especially in the light iliac fossa, is by no means lare at the 
onset of typhoid fever, and if this have come on acutely the mistake is easily 
made There may be tenderness on pressure, but if the patient is carefully 
examined and especially if pam, rigidity and muscle spasm are usually 
legal ded as necessary signs of appendicitis, there mil be fewer mistakes 
The leukocyte count is valuable, as in typhoid fever it is usually low and in 
appendicitis (apart from the instances of geneial peritonitis, which are 
usually leadil}’’ recognized) there is likely to be leukocytosis The thorough 
routine examination of the patient is of much help In case of doubt, waiting 
and careful obseivation will usually give the coirect diagnosis within tnenty- 
four hours 

The mistake of considering appendicitis to be typhoid fever is not likely 
if the patient has been seen from the onset but is possible if he is seen for the 
first time after an illness of some days especially if there be a small abscess 
Hon ever, in the great majority of such cases, careful examination should 
give the diagnosis without doubt 

2 Conditions m the appendix due to the specific tjqihoid lesions The 
occuirence of ulceiation in the appendix is comparatively common It was 
found in 19 out of 105 cases at autopsy and 3 others showed swelling of the 
mucous membrane It is easy to understand that u ith these lesions we may 
have acute symptoms but still, considering then number, appendicitis is 
comparatively rare In some instances the attack of typhoid fever may be 
associated with changes m the appendix from previous inflammation, of 
nhich 4 were foimd at autopsy Changss secondary to the typhoid lesions 
may occur 

3 Peifoiahon — ^This may occur in the appendix as elsewhere and 
requires no special discussion The symptoms do not vary from those 
ordinarily fomid m perforation elseuhere It is possible that perforation 
occurring in an appendix which is lying posteriorly is more apt to be walled 
oft and cause a local abscess 

4 Acute Appendtcihs’ 'Until Typhoid Fevci — ^This is comparatively rare 
but does occur There was one such instance m this series, the appendix 
bemg found acutely inflamed but without any evidence that this was asso- 
ciated wnth a tjqihoid lesion 

5 Appendicitis May F ollow Typhoid Fevei — ^This may be an accidental 
association or following the tjqihoid ulceration subsequent inflammatory 
changes may be favored 

Intussusception — Several instances of this have been reported, in one 
wnth hemorrhage, the diagnosis of perforation being made Intestinal 
obstruction due to various causes may occur 

Associated Bacterial Infections —The se may be various Thus in- 
fection with the pneumococcus and typhoid bacillus is usually piesent when 
pneumonia is a complication Both organisms have been obtained in 
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blood cultures The influenza baeillus ma}^ be obtained in the same way 
Of the pyogenie organisms, streptococci may be associated early m the attack 
or streptococci or staphylococci later, sometimes from infeetion from bed- 
sores or boils These ho^^ever are rather secondary than co-incident infec- 
tions In some instances typhoid and paratyphoid bacilli have been obtamed 
from the same patient. 
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THE DIAGNOSIS AND PROGNOSIS OP TYPHOID FEVER 

THOMAS McCRAE, M D 

“The diagnosis of this disease, during the first day or tuo, is extremely 
difficult, its characier being simulated by different febrile and inflammatory 
affections ’’—Jacob Bigelow 

The diagnosis has to be made from the clinical features oi by laboratory 
methods With a disease •which show's so many vaiiations m its symptoms 
and course it is evident that diagnosis by clinical methods may be very 
difficult and it may be made onl}' at autopsy There is no symptom or sign 
which IS invariably present, and although fever may be said to be of almost 
constant occurience, yet this may be of slight degree oi more or less irregular 
There aie some general statements wdiich may be made Other diseases 
simulate typhoid fever more fiequently than it simulates them, except when 
s}'mptoms or signs are localized m one oigan, as the “pneumotyphoid” 
variety A good rule is to consider tj'phoid fever as a possibility m every 
doubtful condition associated w'lth fever, even if this be somewdiat irregular 
Again, the relative frequency of diseases is an important point to be kept m 
mmd Tjqihoid fevei is one of the most frequent continued fevers and if it 
be kept m mind as a stioiig possibility, the chances of oveilooking it wnll be 
much less Lastl'y, it is w'ell to keep m mind that it may not be possible to 
make a correct diagnosis even under the best conditions The number of 
patients ui whom the diagnosis is made possible only by the occurrence of a 
relapse is a good example of this In a doubtful case w'e must remember that 
it may not be possible to make a diagnosis for some time, the necessary data 
peihaps cannot be obtamed 

The onset of typhoid fever is usually giadual The patients can often tell 
quite definitely when the feelings of malaise first became marked, but after 
this there is rarely any change In a small numbei the onset is sudden The 
features of onset show' no special peculiarity, geneial malaise, anoiexia and 
headache are common The face often has a characteristic heavy, dull 
expression and the patient may show a suggestive slow' mental condition 
He answ'ers questions only after an inteival and at first has difficulty in 
lemembermg the history of his illness, although after a few' minutes he is able 
1,0 answ'er all questions intelligently As a rule there is fever w'hen the patient 
comes under obseivation, although for some days this may be very slight and 
perhaps onlj' after a w'eek rises to the usual height The occurrence of bron- 
chitis IS very suggestive, it varies greatly in severity and sometimes has 
distinctive features, the patient usually makes little complaint of it and w'hile 
the cough may be severe theie is rarely much sputum The histoiy of epis- 
taxis IS an important aid The pulse may show' two distinctive conditions, 
one dicrotism, w'hich if found early is very suggestive, and the other a rate 
relatii ely much slow'd than that w'hich might have been exjiected from the 
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degree of fever With this there is a fuired tongue which shov s tiemor early 
and perhaps a heavy, foul odor to the breath The hovels may be consti- 
pated or theie may be diaiihoea, especially if a puigativc has been taken, and 
if so the character of the stools may be suggestive In the examination of the 
abdomen, enlaigement of the spleen is important, although it is often present 
in other acute febrile conditions, especially influenza The piesence of lose 
spots IS the most important point and these should be looked for every day, 
it being kept m mind that they may be found only on the lov er thorax oi on 
the back, for it is by no means uncommon to find one or tv o spots on the back 
before they aie present on the abdomen There is often difficulty m deter- 
mining vdiether doubtful spots are typhoid rose spots or not In such cases 
it IS Avell to mark a doubtful area and watch it durmg the next tv o or tliiee 
daj's, vdien a decision should be easy Abdominal distension is rarely 
present m the early stages of the disease There is often slight tenderness m 
the light iliac fossa and gurgling is frequently obtained on piessure but theie 
IS nothing characteiistic m either of these Retention of uiine eaily m the 
attack may be suggestive In rare cases theie is a characteiistic musty odor 
but this IS larely of much aid 

The course of the fever m ordmaiy attacks is usually characteristic, as it is 
constant and rarely shov's much variation This is not ahvays true and there 
ma} be a very irregular temperature curve, either early m the course or 
toward the end If this be associated vnth chills the diagnosis may be 
difficult If the diagnosis has not been made during the attack a temperature 
persistently below normal durmg convalescence from an illness v itli fever 
IS alv ays suggestive The blood may not show any characteristic condition, 
although as a rule the number of leukocytes is beloiv normal A patient v ith 
fever and a leukocytosis certamly has not uncomplicated typhoid fever, so 
that, excluding a complication, an inciease in the leukocytes suggests some 
other disease In certain cases the differential count is of value e^en early 
111 the attack, the especial pomt being an increase m the mononuclear 
elements, especially in the larger forms, and a decrease m the polymorpho- 
nuclears and eosmophiles This may be quite marked later on m the disease 
as well The urme may show the diazo leaction but less importance is nov' 
gn en to this sign If internal hydrotherapy be a systematic method of treat- 
ment m febrile cases, a tjqncal diazo leaction v ill not be obtained \ erj”^ often 

There are certain occurrences duimg the course of a doubtful fever vliicli 
are important aids Among these is the sudden appearance of deafness 
V itliout any purulent process and the complaint of tender toes The occur- 
lence of hemorrhage oi of perforation of the mtestine is of course character- 
istic, V liile the onset of a phlebitis ma'v clear up a doubtful attack There aic 
certain things vliicli speak against tjqihoid feier such as herjies, conza and 
conjunctn itis Sv eating durmg the height of the disease is rare, although 
it mav occui at the onset, v itli certain complications, or during con^ alcsccnce 
Jaundice is rare, apart from gall bladder conditions The blood count is 
important, an's increase in the number of leukocytes bemg strongly against 
uncomjihcatcd tyjihoid feicr 

The laboratory methods of diagnosis are dependent upon the demon- 
stration of tJic tvjihoid bacillus m the body of the patient, or obtaining the 
specific reaction vith the blood scrum The greatest adianccs in diagnosis 
in recent years haye been through bacteriology The positne findings are as 
folloy\ s 
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^ 1 Isolation of Typhoid Bacilh from the Blood ‘ — This is compara- 
tively easy of application with proper trainmg, does not give the patient much 
discomfort, and very often gives valuable results as blood cultures may be 
positive, weeks before a Widal reaction is given Thus in 16 cases among the 
last 500 of this series the typhoid bacillus was grovm from the blood before 
any Widal reaction was given 

The greatest value of blood cultures is in the diagnosis of the cases v ith 
marked fever and perhaps no other positive sign The bacilli are most 
frequently found in the blood early in the attack, perhaps before the usual 
signs of the disease, but later m the course they are not found so frequently 
and a negative result should not be given too much weight after some weeks 
of fever This renders it important not to delay the taking of blood cultures 
m a doubtful case, as m typhoid fever each day’s delay lessens the chance of 
a positive result It also explains the value of blood cultures m the early 
recognition of the acute “septic” cases 

2 Isolation of Typhoid BaciUi from the Stools — Much v ork has been 
spent m the attempt to peifect a piactical cultural method, but heretofore 
many of these have apparently not been very reliable Recently a very 
satisfactory one, known as the Drigalski-Conradi, has been devised, and with 
it a very large proportion of positive results are obtained It has been 
extensively used m the campaign against typhoid fever in Germany Prob- 
ably with repeated examinations bacilli can be found m the stools of about 
75 pel cent of the cases, cultures should be made immediately after the 
stool IS passed 

3 Isolation of Typhoid Bacilli from the Urine —In some mstances this 
may be done before a positive Widal reaction is given, so that m a doubtful 
case the uruie should be carefully examined and cultures made from it In 
some mstances it may be possible to recognwe typhoid bacilli in the urine 
by its gross appearance, thus in a test-tube or specimen glass there is a 
curious shimmer v hen the urine is held between the observer and the light 
The finding of actively motile bacilh in a specimen of urine recently passed 
is always suspicious Cultures should be taken vith great care to avoid 
contamuiation and m identifying the organism the frequent occurrence of the 
colon bacillus must be remembered T^qihoid bacilli rarely occur in the 
urine before the end of the third i\eek, so that this is not an aid m early 
diagnosis 

4 Isolation of Typhoid Bacilh from the Rose Spots.— Cultures from 

^The general method of making blood cultures is described on page 660, and special 
points are discussed m works on laboratory methods A new method for the isola- 
tion of typhoid bacilli from the blood has been devised by Cole, Davidson, and 
Cronk The theoretical advantage of the use of large quantities of bouillon, and, 
in this vay, the high dilution of the blood, is that by these means the bactericidal 
power of the blood IS overcome The attempt to o^ ercome this antagonistic influ- 
ence has been met by the addition of typhoid bacilli killed by heating, or the filtrate 
from typhoid cultures after autotysis Wright and others have showm that the 
specific amboceptors are absorbed by such dead bacilli or their receptors The 
practical application of this principle has led to the isolation of typhoid bacilli 
from the blood in about 70 per cent of the cases Only one cubic centimeter of 
blood is required, and this may be very easily obtained in a hypodermic syringe 
and added to about 10 ec of the media This greatly simplifies the use of blood 
cultures, and therefore adds very materially to its general application in diagnosis 

The addition of bile to the culture medium, as suggested oy Conradi, does not 
seem to be of special a alue 
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the rose spots yield positive results in the majority of cases but it is not 
a method available for routine clmical work, as it causes discomfort 
and as a rule there is little doubt of the diagnosis vhen typical rose 
spots are present Blood cultures aie as easilj' made and quite as satis- 
factory 

5 Isolation of Typhoid Bacilli from the Spleen — Tins is done by 
puncturing the spleen and making cultures from the fluid obtained The 
splenic dulness is carefully outlined and the puncture usually made in the 
eighth or ninth interspace about m the midaxillary line At the time of 
puncture the patient should not breathe and it is well to have an assistant 
hold the thorax firmly Avith his hands Usually only a fev drops of fluid aie 
obtained and AVith these cultures are made in bouillon If positive the 
diagnosis may be made m ten to twenty hours Adler reports this pro- 
cedure in 300 cases and considers that positive results can be obtained m 
about 95 per cent earlj' m the attack, while later the results are often negative 
Gabritschewsky reported 109 punctures of the spleen AMthout any bad 
results ^Yhlle this may be done in a large number of patients aa ithout any 
danger, yet there is alAiaj^s the chance of causing rupture of the spleen, and 
A\ bile this does not often happen, yet it seems to be a serious objection 
against this method Adler also reports puncture of the liver m 4 patients, 
Avitli negative cultural results 

6 Isolation of Typhoid Bacilli from the Spinal Fluid —This is of 
especial value m patients admitted in delirium or stupor oi aa ith other sca ere 
nerA^ous manifestations The procedure is simple, lumbar puncture being 
done in the ordinary AAay and cultures made from the fluid obtained The 

P resence of actively motile bacilli in the fluid is suggestive of typhoid feA er 
t has to be borne in mind that typhoid bacilli may be found in the spinal 
fluid Avithout meningitis being present 
7 The Agglutination Phenomenon — Through the action of the bacteria 
on the tissues, soluble bodies IvnoAAn as agglutinins are pioduced m the blood, 
A\hich Avhen sufficiently concentrated haA'e the property of clumping and 
rendering non-motilc the specific organism v> hose actiA ity gaA e rise to their 
production To the agglutination phenomenon aaIucIi occurs in tjphoid 
fcAer the name of the Gruber-'Widal reaction is gnen The technique is as 
folloAAs A standard stock culture of the B iyphosxis should be kept and an 
organism cultiA'ated through many generations on artificial media is pre- 
ferred From this stock culture fresh cultures are groAA n on agar from tAA ch e 
to tAA entj -four hours for use in the test Some prefer comjiaratiAclA fresh 
(ten to eighteen hour) bouillon cultures, AAliile others use bouillon cultures 
killed bA the addition of carbolic acid, formalin, etc Hastings has dcAiscd 
a method a\ Inch a lelds satisfactovA and stable killed cultures The organisms 
scraped from tA\ o tAA entj -four hour agar slant cultures of the B li/phows are 
added to a mixture of 5 per cent aqueous .arbolic acid 5 cc , ghccrine 10 
cc and sterile 0 S per cent sodium chloride solution So cc The material 
should be gradually and carcfulh rubbed into the solution amIIi a small 
spatula and the mixture alloAAed to stand for fiAe or slx daAs before using 
This IS mixed aa ith an equal Aolume of the diluted senim for the test Lning 
fluid cultures maA cause confusion bA the presence of clumps due to the 
groAAlh of the organism, aaIiiIc of the dead cultures those killed A\ith AAcik 
carbolic solution are preferred, as formalin ma\ cause precipitation of jiro- 
teids from the serum 
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If a fresli culture is used for the test, rather diy slants on agar are best and 
the material may be emulsified m sterile salt solution (0 8 per cent ) or in 
bouillon A loop full of the giowth is rubbed against the side of the tube of 
salt solution until it is thoroughly broken up and then it is gradually mixed 
with the fluid The size of the loop gives a fair quantitative measurement 
of the amount of culture used and the obtaming of a suspension free from 
clumps should be easy 

Oollectmg the Serum. — Glass tubes two inches in length by one-quarter 
inch m diameter are draAvn out mto a capillarj’- tube at both ends From a 
free flov mg puncture m the ear or finger tip the blood is drawn by capillary 
attraction into the tube until it is about two-thirds full The tube should 
then be kept flat until the blood has clotted and the serum separated from the 
coagulum The tube is then filed and broken at a point just beyond the clot 
and the serum withdrawn b}”^ a capillary pipette The process may be 
hastened and the amount of serum increased by scaling the end of the tube 
which IS free from blood and centnfugahzmg for a few minutes If it is 
desired to preserve the specimen oi to send it away, both ends of the tube 
may be sealed Serum is best kept, after separation from the corpuscles, in a 
steiile tube If larger amounts of blood are required this should be obtained 
from a vein The serum may be obtamed by blisters produced by the appli- 
cation of canthandes plaster to the skm and a sufficient amount can be got 
from a small one 

Diluting the Serum — For this there are a number of methods A piece of 
glass tubmg one-quarter inch m diameter is drawn into a long capillary tube, 
vhich IS plunged into the serum m the collecting tube and allowed to fill, care 
bemg taken to avoid disturbance of the corpuscles From this tube the 
serum is diopped mto the tubes or dishes in vhich the dilutions are made, 
salt cellars, watch crystals or small porcelain dishes being used for this As 
a routme at least two dilutions of each seium may be made, of a ratio of 1 to 
10 and 1 to 50 The procedure is as follows To the first drop of serum add 
4 drops of 0 8 per cent salt solution, dropped from the same pipette Inch 
has been washed v ith distilled water and then dried m the flame To the 
second drop of serum 24 drops of salt solution are added This gives 
dilutions of 1 to 5 and 1 to 25 The additions of these solutions to an equal 
volume of the suspension of the typhoid culture gives a dilution of 1 to 10 
and 1 to 50, and m the same way any other desired dilution may be made 
If greater accuracy or very high dilutions be desired, especial mixmg pipettes, 
such as those used for blood countmg, may be employed, and these dilutions 
ma-y be made directly from the v hole blood with a pipette, usmg salt solution 
as the diluting fluid In this method two volumes of blood should be con- 
sidered as equal to one volume of serum The muxture is allowed to settle 
or is centrifugahzed 

There are two prmcipal methods of making the test, the macroscopic and 
the microscopic 

1 Macroscopic Method — ^This depends on the agglutination of the 
organisms mto clumps which are visible to the naked eye and, later, the pre- 
cipitation of these clumps, leaving a clear, supematent fluid The serum is 
diluted m a test-tube of small caliber and the organisms added either as a 
suspension of living or killed cultures It may be more convenient to make 
the full dilution of 1 to 50 or 1 to 100 nith salt solution, and then the organ- 
isms from a solid culture are suspended directly m this diluted serum as 
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described befoie The tube is tlien examined by strong transmitted light to 
see that its contents are homogeneous and free from accidental clumps A 
narrow band of light from a lamp enclosed by a screen aids m detecting the 
early appearance of clumpmg The reaction is considered positive if there 
be general clumpmg v ith the dilution of 1 to 50 or higher m one hour, and 
complete precipitation leaving a clear, supernatent fluid after twenty-four 
hours The reaction is hastened if the tubes aie placed m the thermostat 

This method has the advantage of simplicity, no microscope is required 
and killed cultures may be used, which obviates the need of a thermostat 
and culture media The "typhus diagnosticum” of Ficker, now so widely 
used m Germany, is a preparation of killed cultures, the formula for which is 
kept secret Several laboratories m this countiy now make and sell killed 
cultures for this macroscopic method 

2 Microscopic Method — ^The diluted serum is mixed with the required 
amount of the typhoid suspension as described above, and a drop of the 
mixture is placed on a hanging drop slide for observation Some prefer to 
mix the two dilutions directly on the cover-slip, and foi this a platinum loop 
of stiff wire IS used, the plane of the loop bemg at right angles to the handle 
and its diameter being constant The loop is dipped vertically mto the serum 
dilution and the drop thus obtained is placed m the centre of the cover-slip 
The loop is then passed through a flame and dipped into the typhoid sus- 
pension m the same way The two drops aie then thoroughly mixed in the 
cover-slip This simple method secures approximately equal volumes and 
any desired dilution can be made The cover-slip is then mverted over the 
well of a hanging drop slide which has been ringed about with olive oil or 
vaseline The hanging drop is then examined with a moderately high diy 
lens and is best seen by artificial light, the diaphragm being adjusted so as to 
bring out the refractihty of the bacteria 

The freshly made hanging drop should be free from clumps and shov the 
organisms actively swimming about m addition to their Brownian motion 
After an hour, if the test is positive, the organisms will be seen to be collected 
111 clumps and to have lost then motility The presence of two oi three 
organisms m a field which otherwise shows good clumpmg does not prevent 
the test bemg considered as positive Sometimes clumpmg is better at the 
higher dilution, while there may be marked bacteriolysis at dilutions of 1 to 
10 or 1 to 20 Many normal sera give good agglutination at 1 to 10 but show 
no trace of reaction at 1 to 50, and therefore tests based on the low dilutions 
alone are unreliable 

The macroscopic method has rapidly gamed favor and is perhaps less open 
to error than the microscopic, provided that stiict limits of time and dilution 
are observed (one hour at a dilution of 1 to 50 or highei) A great objection 
to the microscopic method has been the different standard set by various 
observers, for some regard any segregation of a few organisms as a positive 
reaction, vhile others msist on clumpmg of all the organisms befoie the 
reaction is considered positive These differences have led to much con- 
fusion 

Agglutination with Dry Blood — ^The recommendatiop of this method, 
vliich was introdjced by the late Wyatt Jolmston of Montreal, is its con- 
^enlence The blood is obtained on a piece of glass, tinfoil or glazed paper, 
and even blotting paper has been used Care must be taken to dilute the 
blood suffieiently m this method, v hich, v bile it may do for rathei rough and 
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ready ork, is thoroughly accurate only when the blood is weighed and the 
dilution based on the weight instead of the volume 

Diagnostic Value — While the Widal reaction is almost always found at 
some period in typhoid fever, its appearance may be long delayed and it is 
rarely found before the seventh or eighth day The peisistcnce of the 
reaction is very vaiiable, being from a few weeks to many years Some 
instances of long persistence have been attributed to the presence of typhoid 
bacilli m the gall bladder or m the urinary bladder The agglutination of 
B typlioms by normal sera at the standard dilution of 1 to 50 m one hour is 
so rare as to be of little importance in diagnosis The tears and sveat may 
give the reaction 

The question of associated alggutination, in which a serum agglutmates 
tvo 01 more closely related organisms, is of little practical importance As a 
general rule, if the agglutination test is done vith a high dilution and a 
reaction within a limited time demanded (1 to 50 in one hour), ve may 
expect to have reasonably specific results If there be an infection ivitli 
organisms of the paratyphoid group, a positive diagnosis should not be made 
from the serum test alone but by means of blood cultures, as the possibility 
of the presence of associated agglutinins has to be kept in mind A bacillus 
agglutinated by the patient’s serum is not necessarily the causative agent of 
the disease, but this has to be regarded as strong presumptive evidence that 

it IS 

In practical work the Widal reaction has a varying value In one patient 
a positive result may give a diagnosis which otherwise might never have been 
made, while in another patient with undoubted signs of t-y^ihoid fever it may 
nut be given until long after the temperature becomes normal In a large 
senes the number of positive results is high and should be over 95 per cent 
The importance of testing the blood during convalescence must be remem- 
bered, as m several of this senes the reaction was given only on the day of 
discharge In others it may be obtained only in a relapse In comparing the 
results of different observers it is necessary to consider carefully the technique 
as regards dilution, time, etc The Widal reaction may be given m jaundice 
and it has been suggested that the antibodies may be formed by the irritation 
of the bile Two instances of Weil’s disease with a positive Widal reaction 
are reported, which is mterestmg in connection with the idea that this disease 
may be a typhoid infection 

It seems fair to consider that the Widal reaction is of great value when a 
positive result is given and that, with proper technique, this justifies the 
diagnosis of typhoid fever, a previous attack being excluded But to a 
negative result no great importance should be given, as shown by the number 
of reactions given for the first time late on m the disease There are a gioup 
of results vhich may be termed “suggestive,” in whieh, while a positive 
diagnosis is not given, theie is some clumping and loss of motility It is 
better not to admit such a division to oui records, results being put down 
as “positive” or “negative,” but it is impossible not to be somewhat influ- 
enced by these partial reactions Such a finding is an indication to lepeat the 
test in two or three days The persistence of the agglutinating power of the 
blood serum long after an attack of typhoid fever may be a cause of difficulty, 
especially if there be no history of the disease We are hardly in a position to 
say to what extent mild attacks of the disease — perhaps not recognized — 
may be responsible foi a reaction bemg given some time aftei In some 
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persons the persistence of typhoid bacilli in the body may keep up the 
reaction 

Diagnosis from Other Diseases — ^In some instances the diagnosis is 
entirely m doubt, we Imow that the patient has fever but are quite unceitam 
as to the cause In othei cases the patient with typhoid fever is regarded as 
having some othei disease, or vice versa There are many diseases which 
may be confounded vith typhoid fevei 

1 Tuberculosis — The form which gives the gieatest difficulty is acute 
miliary tuberculosis and considering the small number of cases of this 
disease it is piobable that the mistake is relatively often made Miliary 
tuberculosis is moie often thought to be tjphoid fever than the contrary 
The difficulty comes from the fact that both diseases may present the same 
general features without any definite local manifestations The points v hich 
are of special value are as follows The general appearance of the patient 
may be of assistance In tuberculosis there is often a suggestive picture 
presented by the diffuse cyanosis, which is different from that seen in tj'phoid 
fever, associated a\ itli an increased respiiation rate, although the bronchitis 
of typhoid fever may he so severe as to increase the lespiration rate and 
cause cyanosis The temperature curve is often more iriegular m tubercu- 
losis and there may be considerable vaiiation in a two-hour chart The 
pulmonary signs are usually more marked in tuberculosis, an acute pul- 
monary emphysema, sometimes local and SaM to occur especially at the 
anterior border, is veiy suggestive of miliar-, tuberculosis The pulse may 
assist, as m tuberculosis it is usually more lapid than in typhoid fever and is 
rarely diciotic A hypeiiemic rash, usually of a papular charactei, or 
petechise especially about the wrists may occur in tuberculosis These might 
be mistaken for typhoid roseola The abdominal condition is of compara- 
tively little aid, for the spleen may be enlarged and diarihoea or distension 
occur in both Hemorrhage fiom the hovels rarely occurs in tuberculosis 
The blood count may be of assistance, as leukocytosis may occur m tuber- 
culosis, but even Avith a low leukocyte count the increase in the large mono- 
nuclears IS not found as m typhoid fever The examination of the eye 
grounds may sIioav tubercles of the choroid, although this is very rare A 
lumbar puncture should ah\ays be done in these doubtful casCs, as tubercle 
or typhoid bacilli may be found m the fluid and the diagnosis thus made v ith 
certainty The urine offers little aid as the diazo reaction may be found m 
both diseases 

In some instances, if bacilli are not obtained, it may be impossible to 
arrive at any positive opinion With the progress of the disease a diagnosis 
may be possible or it may be made only at autopsy The tivo diseases may 
co-exist although this is exceedingly rare 

Tvbeiculous Pentonitis — This has not uncommonly been a source of 
error and the patients are usually thought to have typhoid fe^er, a mistake 
more likely to occur if the onset has been comparatively sudden There is 
also a variety occuiiing with more or less continuous fever, abdominal 
tenderness and some distension, without any palpable tumor, which may 
give difficulty The absence of sings of tj'phoid fever and observation for a 
few- days should prevent erroi, w-hich is probable only if the patient has not 
been seen from the onset or a correct history cannot be obtained 

2 Malarial Fever — In the majority of cases w-ith careful examination 
the diagnosis is not difficult There arc certain pomts to be kept m mmd 
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(1) There is no such disease as “tj-phomalana” or “malaiial typhoid ” 
Typhoid fever and malarial fevei are associated rarely but there is no thud 
hybrid disease (2) Any continued fever which lesists quinine, properly 
given in ordmary doses foi five days, is not malarial fever (3) Careful 
exammation of the blood should be made in every doubtful case of continued 
fever The type of malarial fever Avhich gives use to difficulty is the sestivo- 
autumnal, as m this chills may be absent, remissions of the fever very slight 
and the general appeaiance like that of typhoid fevei The intiacellulai 
organisms of this variety of malarial fever may be found vith difficulty 
and m doubtful cases the blood should be exammed every hour or tvo, 
because parasites may be present in the circulating blood only for a short 
period each day If crescents aie present the diagnosis is easily made 
It IS doubtful whether puncture of the spleen is justifiable in such cases, foi 
although m the majority without dangei, theie is some risk The relation 
of the temperatuie curve to the sponging has been of assistance, as in mala- 
rial fever the temperature may sometimes be found to rise immediately 
after the sponge This is a comcidence in malaiial fever but is lare in 
typhoid fever 

3 Typhus Fever — Fortunately the great majority of the profession have 
had no opportunity for any practical instruction in the difteiential diagnosis 
between this disease and typhoid fever The piobabihty is that few of us 
will ever require to make the diagnosis, but it is well to know that the recog- 
nition of typhus fever may be exceedingly difficult, especially in a case of 
sporadic occurrence Even in localities where the two diseases are prevalent 
It may be almost impossible early in an attack to make a positive diagnosis 
In the case of typhus fever it is evident that this may be a matter of great 
importance The onset is of special importance, foi in typhus fever this is 
usually sudden and the temperature rises to 104° or 105° F v ithin two oi 
three days, which is unusual in typhoid fever The general features are 
usually much more severe early in the attack of typhus fever, thus delirium 
may appear in the first two days and coma be present by the beginning of 
the second week Perhaps the most important point to keep m mind is that 
even m severe attacks of typhus fever the characteristic rash may not be 
present The rash of typhus fever usually appears earhei than that of 
typhoid and the lesions attain their full development within one to three 
days In typhus fever the rash is usually uniform over the trunk and 
extremities, especially over the forearms and legs, while the dorsum of the 
hands and feet is also frequently involved It has to be kept in mind that in 
typhoid fever the rash may be very profuse and petechial in certain localities, 
vhile in typhus fever the petechial rash may be very slight The total 
duration of the fever in typhus is rarely longer than two weeks and it usually 
terminates rapidly 

4 SepticEemia — ^This may cause great difficulty, especially if it be of 
the cryptogenetic type without any localizing symptoms There is often a 
leukocytosis and the differential count shows an increase in the polymoipho- 
nuclears It is in such conditions that blood cultures are of especial value 
and by them a positive diagnosis may often be made in one or two days 
There is one group of these cases to which special reference should be made, 
namely, those occurring after labor oi abortion Pregnant women who have 
typhoid fever are subject to abortion or prcmatuie delivery and the exact 
diagnosis may be difficult The leukocyte coimt and the result of the blood 
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cultures are of great assistance Typhoid fever may appear shortly after 
delivery and the diagnosis he between it and puerperal septicaemia Gonor- 
rhoeal septictemia should be suggested by the local mfection, the results of 
blood cultures and endocarditis, if it be present Certain cases of pyaemia 
and pelvic abscess may also give difficulty, especially if they occur without 
chills or sweats Irregularity in the temperature curve and early rapidity 
of the pulse rate are against typhoid fever 

5 Endocarditis — ^This may frequently cause confusion, especially if it 
be of the ulcerative type, and offers many points of similarity to septicaemia 
and pyaemia The diagnosis may be especially difficult if the patient comes 
under observation late on in the attack If he has been seen from the begin- 
ning the frequently abrupt onset, the irregular temperature curve and the 
cardiac condition are all of value It is well to remember that endocarditis 
IS very rare m typhoid fever and that marked myocarditis rarely appears 
until well on in the disease The embolic lesions in endocarditis aie often 
of value in making the diagnosis Here agam the leukocyte count and the 
results of blood cultures are most important 

6 Influenza — The diagnosis between this disease and tj'phoid fever may 
offer difficulty at the onset but raiely later on We may have much the same 
general early symptoms and the frequent enlargement of the spleen with 
influenza is puzzling Coryza at the beginning of the illness is strongly m 
favor of influenza and the bronchial symptoms with it are perhaps more 
likely to occur at an earlier stage Observation for a few days should prevent 
influenza being regarded as typhoid fever, but it is not unlikely that many 
mild attacks of typhoid fever are regarded as mfluenza 

7 Febncula — This is a very common source of error in the distinction 
from mild attacks of tjqihoid fever In some instances it is only the onset of a 
relapse that makes the diagnosis betvi een typhoid fever and febncula certain, 
as the general features may be almost the same Enlargement of the spleen 
IS quite common in febncula One point of value may be the fact that wuth 
the return of the temperature to normal the patient with febncula often 
feels practically well While this may occur in typhoid fever, as a rule even 
after mild attacks the patient’s condition shows much more effect from the 
illness The Widal reaction has been of great aid in the distinction of the 
mild forms of typhoid fever from febncula 

8 Intoxications — ^There are a number of toxic conditions which we 
frequently interpret as due to ptomaine poisoning which may give difficulty 
m diagnosis The organism often concerned m meat poisoning is nearly 
related to the parat-^qihoid group and the general features may be much like 
those of typhoid fei er, with perhaps a special tendency to diarrhoea In this 
connection comes the question of the possibility of such attacks being caused 
by foul gases, sev er air, etc While this is impossible to prove yet m certain 
cases there are suggestl^e facts, as one may see recurrmg attacks m one 
house where no explanation can be found in the food supply As a rule 
observation for a few days is enough to make the diagnosis clear 

9 Osteomyelitis In children this has been mistaken for tiqilioid fever 
Xieukoeytosis and the result of careful examination, especially m the region 
of the epiphysis, should aid 

10 The Acute Exanthemata — Some of these maj give difficulty, espe- 
cially at the onset and in the absence of an epidemic Measles, scarlet fei er 
and lariola are the most likely to cause confusion The early erythema 

■VOL 2—13 
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sometimes seen m typhoid fever may suggest measles or scarlet fever As 
a rule observation for two or three days vill render the diagnosis clear 

11 Tnchinosis. — ^Until 1860 this was usually regarded as typhoid fever 
and IS probably sometimes taken for it yet This disease is piobably more 
common than w e suppose and m the great majority of cases is not recognized 
In trichinosis the history of eatmg impropeily cooked poik, the pain and 
tenderness in the muscles, and the oedema, especially of the face, are always 
suggestive Rose spots and an enlarged spleen may be present in trichinosis 
but the spots do not come out in successive crops The blood examination, 
showing a leukocytosis with an increased numbei of eosinophiles, should at 
once attract attention The examination of the stools or a piece of muscle 
mil make the diagnosis positive 

12 Syphihs — The secondary stage with fever, marked general sjinptoms 
and an enlarged spleen has been mistaken for typhoid lever, but caieful 
examination and observation should make the diagnosis clear 

13 Miscellaneous Diseases — Anthrax and acute glanders without local 
lesions may occasionally cause difficulty Relapsing fever m certam locali- 
ties has been taken for tjqihoid fever, but the eourse of this disease and the 
result of blood examinations should prevent any great difficulty m its lecogni- 
tion Cerebrospinal fever may cause confusion, the lesults of lumbar 
puncture are the greatest aid Abdominal actinomycosis may simulate 
typhoid fever 

14 Malignant Disease — In certam instances where this occurs with 
continued fever, general malaise and no local sjTnptoms or signs, the mistake 
may easily be made, usually of regarding malignant disease as tj^phoid fever 
It IS especially likely to occur vhere the new growth is situated in the liver 
and, as noted elsewhere, the tw'o conditions may co-exist and give a very 
puzzlmg condition 

In the group just considered the common tendency is to consider another 
disease to be typhoid fever There now' come a number of conditions in 
w'hich the difficulty is due to an attack of typhoid fever beginnmg w'lth 
marked symptoms m one organ or show’ing these durmg the course Atten- 
tion being directed to the organ specially involved, the other signs may be 
overlooked, and a definite although eiToneous diagnosis having once been 
made, it is not easy to see the features w'hich suggest something else The 
diagnosis is true so far as it goes but it is not the whole truth 

15 Conditions of the Nervous System — ^These are frequently a source 
of difficulty and it is important to remember that meningeal features in 
tj'phoid fever may be very marked A careful search to find tuberculous 
lesions elsew'here in the body or conditions of the ears and nasopharjoix is 
exceedmgly important, but by far the most essential aid in the diagnosis is 
lumbar puncture, w'hich should be done as a routine in every patient commg 
in w ith meningeal sj'mptoms As a rule this w ill give the diagnosis at once 
m the epidemic and purulent and frequently, also in the tuberculous, form 
of meningitis, w'hile in this last the differential count of the leukocytes in the 
exudate may be of assistance In typhoid fever w'lth meningeal symptoms 
w'e may find typhoid bacilli in the spinal fluid and so make the diagnosis 
It is well to bear in mind that Kernig’s sign occurs not infrequently m 
tj-phoid fever w ithout any meningeal mvolvement It is possible for purulent 
meningitis to be present during the course of typhoid fever This may be 
due to extension from old or new processes in the middle ear, or from 
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infection from bed-sores or abscesses There are also rare instances of 
tuberculous meningitis occurring during convalescence from an attack of 
typhoid fever 

There are a variety of diseases with nervous manifestations which may 
cause dithculty in diagnosis, especially such as are associated with fever and 
more or less stupor Thus catarrhal jaundice coming on with these features 
has given difficulty for some days, and also uraemic conditions with fever 
It IS probable that many of the cases of so-called “bram fever” were typhoid 
fever with marked cerebral and meningeal features 

16 Pulmonary Conditions — These are exceedingly important, by no 
means uncommon, and may be especially misleading at the outset The 
initial bronchitis may be so severe as to attract the chief attention, but as a 
rule the increasing, constant fever soon suggests that there is something 
more By far the greatest difficulty is found with patients in whom the onset 
IS strongly suggestive of an acute lobar pneumonia The attack may begin 
with a chill and the usual physical signs of pneumonia It may be only after 
the interval of a week that the persistence of the fever suggests some addi- 
tional condition and careful examination may then show rose spots There 
may be some abdominal pam m these cases, which is likely to be regarded as 
that which occurs occasionally with pneumonia It is well to realize that it 
may be impossible to avoid this error The patient has acute lobar pneu- 
monia and there may be no signs of tj^hoid fever until the expiration of 
perhaps a week In one patient of this series the fever disappeared for a few 
hours on the eighth day but immediately rose and went through a typical 
typhoid course It is well to recognize that this is an error at the outset of 
the illness which no degiee of care may save us from Goodall, wntmg of 
the fever hospitals m Great Britain, states that acute lobar pneumonia 
heads the list of diseases sent m with an incorrect diagnosis of typhoid fever 
The pneumonia coming on in the course of the disease rarely gives rise to 
much difficulty unless the patient be seen for the first time after it has 
developed An atypical form of pneumonia may be present at the onset 
This may cause considerable difficulty, particularly if the general symptoms 
are not severe In the absence of any of the definite signs of typhoid fever 
it may be impossible to make a definite diagnosis for some days 

Pleunsy — The attacks beginning vith an acute pleurisy may readily 
cause erroi The diagnosis of pleunsy is correct so far as it goes but there 
IS something behind it If there be an effusion, routine cultures may make 
the diagnosis clear but if these be negative it may be difficult to recognize the 
condition at the onset The persistence of high fever should cause sus- 
picion 

17 ADdonunal Conditions — ^This is a most important group, as m the 
first place the ordmary abdominal features of tj^ihoid fever may give diffi- 
culty and secondly, the occurrence of abdominal complications before the 
patient is seen for the first time may be very confusing Among those of the 
first group, gastro-enteritis may be suggested on account of sei ere diarrhoea, 
but perhaps the most common mistake is to regard the condition as appen- 
dicitis Abdominal pain is comparatively common in t'\’phoid fei er, and if 
It be leferred to the right iliac fossa and on examination some tenderness be 
found, appendicitis is naturally suspected Muscle spasm is rarely present 
in these cases of pain in Ujihoid fever The leukoc’^’te count is most helpful, 
for a normal or diminished number of leukocytes speaks strongly agamst an 
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acute appendicitis, except in fulminant cases, winch are rarely likely to be 
taken for typhoid fe\er The caution may be repeated that undei no cir- 
cumstances should opium be given to a patient v ith a doubtful abdominal 
condition It is well to bear m mind that some of the best surgeons have 
made the mistake of operating on patients m the early stage of typhoid fever, 
think ng that there was appendicitis 

The occurrence of abdominal complications before the patient is seen may 
render the diagnosis very difficult Thus, m one year, 3 patients of this senes 
were admitted with geneial peritonitis due to perforation of the intestine In 
the absence of rose spots and v ith a doubtful history it may be almost impos- 
sible to make a diagnosis Fortunately this is not of any great importance as 
legards treatment, the indications for this bem gthose of tlie acute abdominal 
condition A patient may be admitted vith the symptoms of acute chole- 
cystitis, which may even have gone on to perforation In all such abdominal 
conditions the presence of the Widal reaction is of great importance in the 
diagnosis 

18 Renal Conditions — ^These may cause much difficulty, as the attack 
may begm with symptoms suggestive of acute nephritis, which may be of the 
hemorrhagic type The ordinary febrile albummuria is not likely to cause 
confusion 

It may be said of diagnosis that no rules can be set donn which apply to 
all cases It is well to recognue the fact that diagnosis must often wait for 
several days’ observation In other instances only an autopsy or some 
incident during convalescence may make it clear The more olten bacterio- 
logical methods are used, the more alert u e are to the possibility of mistake, 
the more care we take m frequent thorough examinations with open mmds, 
the fewer errors will be made 


PROGNOSIS 

“In acut& diseases it is not quite safe to prognosticate either death or 
recovery ” — ^Hippocrates, Aphorism XIX 

There can be no ceitamty of the outcome or duration of an attack of 
typhoid fever and it is never safe to give an absolutely favorable prognosis 
The patient with every symptom favorable may become seriously ill or 
have a severe complication without warning, vhile on the other hand m no 
disease do we see so many patients recover who have been desperately ill 
Many factors have to be taken mto consideration, and ubile those m the 
patient will be discussed in detail a m ord should be given to the care which 
the patient receives Hard work, stimulated by a- spirit which never gives up 
while there is life, may pull a patient through a desperate attack This is 
especially true of those with severe toxaemia, who may owe their recovery 
directly to the perseverance of the physician and the care of the nurse In 
many regards the outlook is better when the patient is treated m a hospital, 
for there are so many advantages, the better facilities, the constant nursing — 
possible only in few houses — and the more rapid dealmg with emergencies 
The method of treatment has some mfluence and those who use baths are 
undoubtedly justified m regarding the outlook as more favorable than under 
any other method of treatment The stage of the disease at which the 
patient comes under treatment is an important matter, the earlier he is put 
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to bed, as a rule the better the prognosis In patients who have fought the 
disease and kept about, the prognosis should always be very guaidedly 
given 

There are many factors by which we may estimate the outlook m typhoid 
fever but it is a disease m which perhaps moie than any other v e are unable 
to tell what a day may bring forth Ot the conditions which cause death, v e 
can estimate the danger with some degiee of certamty m the most frequent, 
namely, toxaemia '\^dnle it is impossible to say that toxic symptoms may 
not become more marked later in the attack, yet as a rule the danger of this 
IS slight after the third week, especially under the bath treatment The 
response to treatment with hydrotherapy for a few daj’^s is a great aid m 
the prognosis Sudden death without any warning symptoms may occur 
during the height of the disease or in convalescence As regards another 
factor m the death-rate — the complications — ^v^e cannot speak with any 
certamty, for hemorihage or perfoiation may occur without any varnmg 
and the outlook be changed in an hour It is the possibility of these, perhaps 
more than anything else, which should make us cautious in expressing an 
opinion We have large bodies of statistics of the death-rate with various 
complications but these may be of little help in estimating the chances for a 
given patient 

Theie are certain features v Inch may be noted Epidemics vary remarka- 
bly and m some laige ones the death-rate has been exceedingly low Great 
variation in the moitahty may be true of a certain locality from year to year 
It may vaiy m the same clmic and a good example of this is seen in the Royal 
Victoria Hospital in Montieal, where in the year 1896 among 72 patients 
there was not a single death, while m 1897 among 75 patients there v ere 
7 deaths Geographical conditions seem to influence the death-rate very 
little, for the death-rate from tyiihoid fever is about the same the world over 
when laige figures are considered 

There may be much difference in the severity of the disease at various 
peiiods of the year or at different times m an epidemic The early cases in 
the annual typhoid season are often more severe than those coming m aftei 
the epidemic begins to diminish Physicians vho have spent many years in 
the same community often comment on the fact that the virulence of tjqihoid 
feier seems to gradually diminish yeai by year vhile the disease is endemic 
and not epidemic Of the various factors v Inch may influence the death- 
rate the following may be consideied 

Race — ^The death-rate in this clinic among the colored patients is just 
double that among the -whites The diminished resistance of the colored 
race is an important cause but the lack of care before admission must also 
be a strong factor 

Sex — ^There seems little difference between the t-w o sexes, although in 
males there is moic tendencj to keep about after the onset and alcoholism is 
another factor w Inch renders their death-rate higher In v omen the effect 
of pregnancy has to be remembered, although this must be of slight degree 
In the same city the relative mortality in the sexes may vary from year to 
tear, as shown by Cui-schmann 

Age — This IS of much more importance in regard to prognosis Up to the 
age of two jcars the nsk is great, from two to fifteen -^ears is the most 
faiorable period and the moitahty is low As a rule from about fifteen up to 
tw aitj -fii e is a more fa\ orable period than from tw entj -fii e to fort-v t cars 
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After forty the danger increases with every year and over the age of fifty the 
death-rate is high 

Occupation and Position in Life —These mfluence the mortality 
principally as they affect the chances of receiving treatment early in the 
attack The outlook is better among those v ho are more likely to be taken 
m hand early The group of patients who receive practically no care during 
the early part of the disease, such as men m lumber camps and construction 
gangs, tramps, etc , usually have a high mortality Under like conditions of 
treatment the occupation has little mfluence on the prognosis 

General Conditions — ^There seems little doubt that newcomers to any 
locality V ho contract the disease are apt to have it in a severe form This is 
seen m Baltimore among the patients recently come from Europe As 
regards constitution, the fat generally give more anxiety than the lean 
patients, as the infection often seems to be more severe and their resistance 
less marked Alcoholics and patients with marked anaemia as a rule have a 
high death-rate The co-e\istence of chronic disease is unfavorable but an 
exception should be made of cardiac and vascular disease Patients with 
arteriosclerosis or well compensated cardiac disease seem to go through an 
attack of tj'phoid fever without any marked additional risk Chronic 
tuberculosis does not seem to add greatly to the danger 

Special Features — Toxaemia — ^This is an important matter and its 
degiee must always be considered m the prognosis Delirium, coma and 
tremors are alw ays of grave omen, especiallj if they appear early Of the 
various tj'pes, that characterized by lo\v, muttering delirium associated 
with tremor is perhaps the most serious The amount of dehiium or stupor, 
the tremor, subsultus and other disturbances must all be taken into con- 
sideration If the patients are being treated by baths, the effect of these on 
the symptoms is a great aid and materially assists m givmg a prognosis 
The estimation of the danger of toxiemia is aslo influenced by the amount of 
urine voided, for if the patient is taking large quantities of w'atei and passmg 
urme freely the outlook is more favorable Where there is difiiculty in 
gettmg the patient to take w’ater by mouth the prognosis is grave, although 
the gnmg of water by the bow'el or by subcutaneous infusion may keep up 
the amount of urine There are features W'hich may be secondary to the 
wndition of the nervous system or due to the local effect on various organs 
Thus meteorism may be an indication of profound toxtemia, just as in 
pneumonia, but it also has an important effect on account of the local con- 
dition m the intestine 

The psychoses occurring earlj' in the attack are of grave significance as 
regards life but those later in the attack and during convalescence do not 
materially alter the prognosis As regards recovery from the mental con- 
dition the family and previous history are important In the psychoses 
occurring late m the attack, associated with anaemia and exhaustion, the 
outlook IS good 

In the circulation, the condition of the pulse is important and an increased 
ra e is alw ays a grave omen It may be said that every mcrease above 120, 
w hicii IS more than temporary, adds greatly to the risk As has been noted, 
the death-rate steadily rises with each increase in the pulse rate over 120 

le lood pressure is of some assistance m the recognition of a /ailing 
circulation aM a steadily falling blood pressure with severe toxaemia is a 
gra^ e sign I fie condition of the heart is of importance and esp.ecially the 
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character of the first sound, for if this becomes feeble or inaudible the out- 
look IS always moie seiious In others the soimds may become much alike 
and gallop rhythm oi embryocardia be present Marked cyanosis does not 
seem to be of any untoward significanee 
The vaiious complications m the lung are important The bionchitis 
raiely has any mfiuence on the course The ordinary lobai pneumonia may 
be the "cause of death either early m the attack or later on, when it is probably 
of even giaver significance Bronchopneumonia is a very dangerous com- 
plication, especially m patients who are over forty years of age, and few 
recover fiom it The hypostatic pneumonia is serious more on account of 
the conditions which have favored its oecurrence than for any other reason 
Pleurisy, either with or without effusion, adds somewhat to the dangers 
The complications about the larynx and epiglottis aie serious, especially as 
they are more apt to occur m patients severely ill, and there is always the 
danger of oedema of the glottis or bronchopneumonia 

Of the intestmal conditions, meteorism is alv ays serious and should be 
regarded moie as an evidence of the degree of toxaemia than of any local 
condition The result of treatment is an important aid in estimating its 
gravity Diarrhoea is always a giave symptom, because it usually means 
either severe toxiemia or a marked grade of ulceration, especially in the 
colon Yet, as many of the older writers pomted out, in a patient with 
severe symptoms, the onset of a sharp attack of diarrhoea may prove bene- 
ficial , Hemorrhage is always more or less serious, yet when the figures are 
carefully examined, it is surprising to find how many of the patients lecover 
Of the 137 fatal cases in this series only 12 died apparently directly as a 
result of hemorrhage Pei f oration under ordinary circumstances is rarely 
lecovered fiom, and there does not seem any justification for the view that 5 
per cent of the perforation cases recover without operation It is more 
likely that perhaps only one case in several hundreds does so, for the proved 
cases of recoveiy fiom perforation without operation are very few in number 
The outlook with operation depends on several factors, perhaps the most 
important being the time at which it is done after perforation has occurred 
Theie IS no question that the sooner operation is done the better the chance 
for lecovery The extent of the peritonitis and the organism which is present 
are important, as with a geneial stieptococcus peritonitis the outlook is 
always extremely grave, while with other organisms it is decidedly more 
favorable The condition of the bowel is significant, as m some the whole 
loM ei part of the ileum and the ciecum is almost necrotic, so that it may be 
impossible to make the stitches hold The general condition and the degree 
of toxsemia must also be taken into consideration, as a ceitam number of 
the patients who have been operated on for perforation die subsequent!) of 
toxcemia Any other complication, such as pneumonia, coming on after the 
operation, adds gieatly to the danger The death-rate from perforation 
varies in different years and one hospital may have several successive cases of 
reeoveiy It may be that with eailiei reconigtion of the complication ve 
may improve the percentage of recovery 

Among the renal conditions it does not seem reasonable to regard the 
simple febiile albuminuria as serious If there be an acute nephritis or the 
condition of so-called “nephrotyphoid” the prognosis is alwaj^s more 
serious The occurrence of tjqihoid bacilli in the urme and ej stitis arc not 
apparently of any special danger to the patient 
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PhlebitiSj -uliile distressing, is larely a cause of death There are a few 
instances of detaehment of a portion of the thrombus with resultmg pul- 
monary embolism As regards the outlook for the local circulatory con- 
ditions, a very cautious opinion should be expressed, as so many of the 
patients are left Mith moie or less permanent disability, and it is well to 
warn them of this at the onset of the thrombosis The various glandular 
conditions as a rule are not serious and have little effect on the course but 
paiotitis IS an exception It is always a grave matter and suggests a cautious 
piognosis The occurrence of angma with celluhtis of the neck is rarely 
recovered from 

In considering the prognosis it is important to note the way m which the 
patient takes Ins nourishment and especially the amount of water In 
general terms the degree of fever is not of great impoitance Of course 
h-\"perp'^Te\ia is always serious, but most of those who are treating the disease 
consider that high fever is not necessarily a serious condition We see this 
markedly shov n m the case of young adults who come in with high fever but 
no severe toxic sj^mptoms, such as a rule do well and often seem to run a 
comparatively rapid course to recovery 

Sudden Death — In the memory of every one who has treated many 
cases of typhoid fe^ er there must stand out instances of a sudden termmation 
without wammg These impress one so strongly that their fiequency has 
perhaps been overestimated There were 4 among 137 fatal cases in this 
series It appears to be more common m men than m women and the time of 
its occurrence vanes but as a rule it is more common late on m the attack 
The most frequent cause is probably myocardial degeneration, with which 
sudden dilatation or delirium cordis occurs In certain instances embolism 
and thiombosis, either of the cerebral or of the pulmonary vessels, may be the 
explanation This may follov the detachment of a clot or occur without any 
evident cause A profuse intestinal hemorrhage may lead to a sudden 
termmation In certam patients the association of other diseases may be 
the cause of sudden death, as in those who have pulmonary tuberculosis and 
die suddenly as the result of a pulmonary hemorrhage In some of the 
cases, hoi\ ever, it may be impossible to give any explanation of the sudden 
termination 
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THE PROPHYLAXIS AND TREATMENT OF TYPHOID FEVER 

By THOMAS McCRAE, M D 

“ The excreta to which all these fatal prerogatives are assigned are, on 
iheir issue from the body, entirely within our power ” — Budd 


PROPHYLAXIS 

This is the most important part of the problem of typhoid fever and in 
the past too little attention has been paid to it, for while we have been willing 
to give every attention to the patient wnth the disease we have failed to cairy 
out adequate preventive measures We talk of infected water and milk as 
if they were the cause of the disease, forgetting that behind them lies the 
actual source T}qihoid bacilli do not naturally inhabit water or milk, they 
may exist m it for a time and even multiply, but their natural dwelling place 
IS man and these are only carriers from one host to the next The lesson is 
easy to learn but hard to carry into practice Let us make sure that every 
typhoid bacillus is killed immediately on leavmg every host and the disease 
is at an end If this could be done wuth every patient in the United States 
this year, where would the epidemics of next year be ’ But there are difficul- 
ties in the way Many of the attacks are so mild that the diagnosis is never 
made and these are unrecognized sources of danger The country is so 
infected that it seems almost hopeless to begin the struggle and this applies 
with greater force to rural than to city communities Yet every thorough 
measure of prophylaxis counts, and when we consider how easy it might 
have been to prevent many epidemics had the proper care been exercised 
with the fiist case, there is much to encourage us We cannot tell how many 
cases of infection may be prevented by thorough dismfectant measures with 
one patient If even the recognized cases are properly handled that reduces 
the number of the subsequent unrecognized ones We all need to take the 
lesson more strongly to heart that with the profession lies the responsibility 
of seeing to this And the history of epidemics is often like that of large 
fires, — a small beginning with increasing extent An outbreak usually begins 
vith a few cases — a fact well appreciated by Budd — and from these more 
and more are mfected Take for instance a typhoid fe^er patient vho is 
living in the area which yields the water-supply of a cit} To properly 
disinfect his excreta involves comparatively little vork but let the water- 
supply of the community be mfected from him and v hat a different condition 
of affairs there is Thousands may be exposed to mfection and pre\ ention 
then may ln^ olve elements practically impossible to control 

The subject may be considered under three heads (1) general measures 
■\Nhich aie for the protection of the communiL , (2) especial measures m 
connection vith the patient and (3) pre\entHe inoculation 
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1 General Measures — ^These are of wide application and belong 
rather to the domain of sanitary science The problem is that of the supply 
of pure food and watei With the present prevalence of the disease there 
IS praetieally no community m this country free from a certam degree of 
danger and the water-supply is eveiywhere a most important element All 
the points relating to it cannot be discussed here, but an important feature 
is the careful mspection and regulation of the area from which the water is 
derived This is more or less uncertain at the best, as it is impossible to 
inspect a wide area and there may be mild cases of typhoid fever which are 
not reeognized The next point is the care of the water after it is collected, 
which means filtration, as it is doubtful if any treatment by chemicals is 
sufficient "NWiile m cities the obtaining of a pure water-supply is eompar- 
atively easy, or should be, it is m rural communities and m country districts 
that the greatest difficulty comes Here the prevention of infection from a 
given patient is all the more important In fact, as conditions are to-day, it 
must be the only hope of stamping out the disease, for in a village or on a 
farm it may be quite impossible to change the water-supply In all localities 
where the water is not undoubtedly tree of typhoid bacilli, or while the 
disease occurs, it is important to have the water boiled, but even when this is 
done there are many sources of danger, for infected water may be used to 
clean the cooking utensils, to wash vegetables and for personal cleanliness, 
such as biushmg the teeth 

As regards food the difficulties are perhaps even greater, for the sources of 
supply are so many and food must pass through such various hands that 
control IS almost impossible Undoubtedly the most likely food to carry 
infection is milk, which may be mfected either accidentally, as m washing 
the cans and bottles m mfected water, or m some instances water may have 
been added to the milk In cities some of the distributing points are lespon- 
sible, as small stores may supply milk to a neighborhood and it may easily be 
infected m such places The control of this must be in the hands of the local 
sanitary authorities Meats are very rarely the means of carrying infection, 
except at times the paiatjphoid organism, but there can be no doubt that 
under certain circumstances oysters may do so This has rarely been the 
case m the United States, although some instances have certainly been 
proved, but m England a number of epidemics have been traced to shell-fish 
The dangei neaily always comes from keeping them in infected water 
Vegetables may also be the cause of infection, which m some localities is 
probably due to typhoid bacilli bemg blovm about with dust, oi they may 
have been washed m mfected water The use of vegetables which have been 
fertilized by sev age may be a source of danger, especially if they have not 
been carefully washed 

It IS evident that as regards the danger from the above sources the ordin- 
ary mdividual can do little to lessen it He may see that his drmkmg water 
IS boiled and that the greatest possible care is taken m the preparation of 
his food, but he cannot control the matter absolutely How much more 
important, therefore, to prevent the necessity by killing the bacilli at the 
source During the time of an epidemic every care should be taken to boil 
both v ater and milk before usmg them and all possible sources of infection 
through either of these should be watched and guarded agamst Ice-cream 
may carry the bacilli past most of the ordinary defences 
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The control of the Boaid of Health should be firm and thorough Notifi- 
cation ought to be insisted upon and heavy penalties provided foi any failure 
to report all cases with continued fever, Avhether diagnosed typhoid fever or 
not The lelation in the health reports of many cities between the number 
of cases of typhoid fever and the deaths suggests that perhaps only half of 
the cases are ever reported The profession are largely to blame for this 
One of the greatest difficulties m many communities is the lack of any proper 
supervision by competent health authorities The organization of rural 
hygiene would go a long way toward the solution of the control of typhoid 
fever If every state had a staff of men who could be sent to an infected 
district, carrymg laboratory equipment with them, and take control of the 
situation, we would see a diminished death-rate Supervision of the method 
of disinfection could then be carried out most vigorously There is no reason 
why this should not be done as carefully as if the patient had plague or 
cholera 

We are learning in how many mstances there is more or less direct con- 
tagion One member of the family brmgs the disease into the household 
and others are infected This might be prevented by more thorough care 
In rural communities the one patient may be the source of a small outbreak, 
and how often the disease is earned into a community from outside is easily 
realized by a study of the history of epidemics 

We have recently had some excellent object lessons m regard to Avhat can 
be done m stampmg out typhoid fever m small communities Koch m Ger- 
many has shown how important early diagnosis and proper contiol of the 
patients can be m controlling the disease Typhoid fever w'as very prevalent 
in Trier A laboratory w^as fitted up and by careful methods all the patients 
— 72 in number — suffering from the disease w^ere found When the diagnosis 
w'as made the patient was carefully isolated and thorough disinfection 
carried out Withm three months no more typhoid bacilli could be foimd, 
there w^ere no fresh cases, the patients had recovered, and the disease w as 
stamped out for the time being m that locality That this wms not due to a 
mere accidental decline of the disease w'as proved by the fact that m other 
localities under similar conditions it continued to be pievalent What has 
been done once can be done again It may be objected that wm have not the 
means to repeat this demonstration, but supposing every Board of Health 
was able to attend to the patients m its distiict as was done in Trier, 
it cannot be doubted that typhoid fever wmuld rapidly decrease We perhaps 
could not hope for the brilliant results obtained by Koch to be given at once, 
but eveiy patient propeily handled during this yeai would mean few'er to 
handle next yeai 

The Geiman method^ is to put certain districts under the supervision of 
a thoroughly equipped mstitute wdiich cooperates with the local physicians 
In all suspected cases examinations are made of the blood, feces and urine 
If tjqihoid bacilli are found, thorough disinfection and isolation are carried 
out Eveiy effort is made to study the source of the infection and precau- 
tions taken to limit the spread 

In aimies or where large bodies of men are collected together, as in con- 
struction or mming camps, special precautions ha\e to be taken In addition 

'There'is a report on this by Grieg, Journal of the American Medical Association, 
^ol \1m, 1906, p 673 



204 


INFECTIOUS DISEASES 


to care in securing a supply of pure food and water there has to be special 
supervision of the means of disposal of the excreta In permanent camps 
this IS probably best done by the use of iron troughs which contain milk of 
lime or crude carbolic acid solution Overcrowding should be prevented, 
army camp sites changed fiequently, and not used a second time Every 
care should be taken to detect the first cases and all men with suspicious 
symptoms should be isolated at once Endeavor should be made to keep 
flies out of the mess tents as much as possible It has to be lemembered 
that an army on the march usually carries the infection m its own ranks 
2 Special Measures in Connection with the Patient — It is to these 
especially that we must look if the disease is to be stamped out This point 
has been repeated over and over again but until the piofession realizes its 
importance and what is moie, carries it into practice, the prevention of 
typhoid fever is more or less hopeless Let any man compaie his attitude 
tov ard a patient v ith typhoid fevei and toward one with plague, cholera or 
smallpox, and v e have the explanation of many of the difficulties It is the 
old story of familiarity 

Among the points vhicli have to be consideied are the following 

1 Isolation — How thoroughly should we isolate the patient with t}q)hoid 
fever In the hospitals of the United States, patients v itli typhoid fever as a 
rule are treated m the general medical wards, m hile in Great Britain they are 
usually remoAed to one of the fe^er hospitals There is a certain risk in 
having these patients in the general wards and our duty to attend thoroughly 
to disinfection is all the greater But there are advantages in having the 
patients in a general hospital, for students have an opportunity of studying 
the disease and certain of the complications, perforation especially, can be 
handled vith more chance of recovery Yet all hospital lecords show that 
there is some danger When the patient is being treated m a private house 
it IS best to cany out rigid isolation The room should be piepared as foi 
one of the moie mfectious diseases, all unnecessary furniture removed, and 
the other members of the family not allowed in the room It is well to have 
separate dishes vhich do not go down into the general kitchen 

2 Disinfection — Especial attention should be given to the disinfection 
of the stools, urme, sputum, \omitus and clothing In addition the bath 
V atei should be disinfected and precautions taken against flies The patient 
should receive carfeul attention and after each movement of the bowels the 
anal and sacral regions should be cleansed with a 1 to 40 solution of carbolic 
acid 01 a 1 to 1,000 solution of bichloride of mercury After micturition, if 
any urine has been spilled, the same should be done 

(a) Slools — ^The proper disinfection of these is a difficult matter, as the 
bacilli may be contained m a mass of fiecal mateiial which is penetrated with 
difficulty The most effective method is by heat, the fieces with a small 
quantity of carbolic acid being boiled in cauldrons, but this cannot be done 
under ordinary conditions, although in military camps it may be the most 
certam v ay and v as used to some extent m South Africa This might be 
used in fei er hospitals or during epidemics but in ordinary practice chemical 
disinfectants must be used, and the most effective of these are milk of lime 
and carbolic acid Bichloride of mercury is not a reliable disinfectant for 
stools Yffiichever is used tvo things must be ensured, — that a sufficient 
quantity of the solution is used, and allowed to act for a proper length of time 
It is V ell to place a pmt of the solution in the bed-pan before it is used and 
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add an additional amount aftem'ard The solution and the fieces should be 
thoroughly mixed and if there are solid masses these should be broken up 
The mixture should be allowed to stand for three hours before being thrown 
out It is well to keep the disinfecting solution in the bed-pan when it is not 
in use Some writers advise the use of a large jar, which can be emptied 
every day, m which the mixtuie of fieces and disinfectant is placed and 
covered % an excess of the solution (i) Milk of lime This should be pre- 
pared from freshly burnt lime, air-slaked lime being useless, which is mixed 
V ith water in the proportion of 100 parts of lime to 60 of water The lime 
should be allowed to soak up the water slowly and the resulting hydrate 
should be kept tightly sealed, as it readily takes up COj and becomes useless 
To prepare the milk of lime, one part by weight of the fresh dry hydrate is 
mixed with eight parts by weight of nater, this solution should be prepared 
every day It is not safe to depend on the commercial chloride of lime as it 
may be mert Care should be taken to see that at least thiee times the volume 
of the feces is added (ii) Carbolic acid This should be used m a strength 
of 1 to 20 and at least twice the volume of feces added As a rule the use of 
carbolic acid is to be preferied, for although the milk of lime is efficient if 
properly made, to be ceitain of this requires additional effort and we should 
use the method Avhich gives the fewest chances for mistake Disinfection of 
the stools should be carried on until the patient is convalescent 

Qj) Unne — ^The necessity of constant care with this should be impressed 
on everyone vho is handling a patient and especially when the nursing is 
done by members of the family The nurses, attendants and orderlies should 
be taught that the urine of every patient may contain typhoid bacilli and be 
a source of danger to themselves or to others The prevention of the occui- 
rence of the bacilli in the urine is an important matter and there seems little 
doubt of the value of the administration of urotropine by mouth to every 
patient on two days each week m fifteen grain doses three times a day Of 
the disinfectant solutions the two most useful, as shown by Gwjti, are car- 
bolic acid and bichloride of mercurj'^ (i) Carbolic acid For disinfection in 
one hour, a third of the volume of urine of a 1 to 20 solution should be used 
(ii) Bichloride of mercuiy Of this one-fortieth of the volume of urine of a 
1 to 1,000 solution IS necessary for disinfection in one hour It is w ell to add 
sodium chloiide, 5 to 1,000, to the bichloiide solution The easiest method 
IS to place the disinfectant solution in a large covered jar into which the 
urine is poured, this can be emptied every day The disinfectant solution 
should always be in excess and the mixture allow'ed to stand for at least two 
houi-s after the last urine is added before being thrown out The urmal 
should be kept in disinfectant solution wdien not in use 

The unne should be disinfected until the patient is convalescent, unless 
bacilli are piesent, wdien disinfection should be continued for at least three 
w eeks after these have disappeared No patient should be discharged from 
obseriation wuthout the certainty that his urine is free from tjqihoid bacilli 

(c) Spuhnii and VomiUis — ^These rarely require disinfection because not 

often obtained They should be disinfected by carbolic acid or bichloride 
exactly as is done with the urine If the sputum is received in cloths these 
may be burned , 

(d) Clothing — ^The principal danger exists w hen clothing has been soiled, 
as necessarily happens \er} frequently It is not always possible to detect 
this, as a few drops of urine on the linen may not be noticed, so that it is safe 
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to disinfect it as a matter of routine This is best done by soaking it in a 
1 to 20 solution of caibolic acid for two hours and afteramrd all the linen 
should be boiled The rubber sheets may be disinfected by soaking them 
in 1 to 20 carbolic acid solution It would probably aln ays be safe to steril- 
ize the mattress by dry heat Carpets and rugs are better taken up at the 
beginnmg of the illness, but if not, there is ah\ ays the chance that they may 
have become infected and they should be sterilized by dry heat 

(c) Room — Sunlight, fresh air and cleanliness are most impoitant during 
the illness, but afteni ard the room should be disinfected by formaline 

(/) Baih Water — ^This must be fiequently infected either by small faical 
particles or by urme Chloride of lime has been found to be the most effi- 
cient disinfectant, one-half pound, acting for one hour, being enough for the 
ordinary tub This should be used only from fresh tins and not after these 
have been open for tv o or three days The same danger of infection exists 
in the water used for sponging and for this chloride of lime may be used, or, 
as the quantity to be disinfected is smaller in amount, bichloride of mercury 
may be employed 

(g) Bed-jpans and Urinals — ^The bed-pans and urinals should be isolated 
and scalded after each disinfection of their contents The enema sj^ringes 
and rectal tubes should be isolated and boiled after using The urinals, 
syiinges and tubes can be kept in one of the disinfectant solutions The 
tubs should be cleaned out daily and the canvas strips frequently changed and 
dismfected 

3 Flies — ^Every endeavor should be made to keep these avay from the 
patient, as they swarm about and light at once on any fiecal material or urine 
V Inch IS spilled If possible the windows should be screened but if flies do 
get into the room every effort should be made to kill them Netting may be 
put over the patient but it is difficult to keep this m place with the frequent 
attention necessary 

4 Attendants — All those v ho are handling the patient should be espe- 
cially careful to disinfect their hands v henever the patient has been touched 
The hands should be thoroughly washed with hot water and soap and then 
disinfected in 1 to 1,000 bichloride solution Nurses should wear rubber 
aprons vhen they are guing the baths or sponging the patient It is impor- 
tant for physicians and medical students to remember that great care should 
be taken in the examination of the urine, for it is quite likely that infection 
has resulted through carelessness in this In a hospital the orderlies should 
be specially v atched, for much of the handling of the patients is done by 
them and it requires constant care and vigilant oversight to make sure that 
the orderly vho is attending tjqihoid fever patients carries out alb the pro- 
cedures It IS most important to see that he does not come in contact m any 
way V ith the food- or water-supply of the ward and he should not be allov ed 
about the kitchen or permitted to carry any nourishment to the patients In 
hospitals it should be the endeavor not to allov the nurse who is handling 
tjqihoid fever patients to have anything to do with the food-supply of other 
patients in the vard If possible m private practice, the individual vho is 
nursing the patient should have nothing to do v itli the preparation of the food 
of the rest ot the family If this be una^ oidable the most careful precautions 
should be taken 

In hospitals and places vhere the drainage enters into a proper sevage 
sj-stem there is often difficulty in havmg disinfection thoroughly carried out. 
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for it IS felt that the bacilli are to be earned where there is no chance of their 
doing further haim We are not sure of this in any place — oysters may be 
fattening close to the outlet of the sewer — and besides it is our duty to des- 
troy eveiy bacillus, no matter where it otherwise might go In hospitals it 
is most essential for the proper training of the nurses that they carry out the 
methods very caiefully, for if not compelled to do so when m trammg they 
are not likely to do it later when among other surroundings 

3 Anti-typhoid Inoculation — ^The practical application of vaccina- 
tion as a means of prophylaxis is due largely to the work of A E Wright 
The material used consists of a bouillon culture of the B typhosus vhich is 
grown for four weeks and then sterilized by heating to 60° C for ten to fifteen 
minutes A number of different strains are mixed together and a small 
amount of carbolic acid or lysol is added to preserve the material By a 
special method the virulence of the preparation is measuied, and for the 
first inoculation an amount of the vaccine containing about one thousand 
millions of bacteria is used and for the second injection about double this 
number, the two inoculations bemg given at an interval of two weeks The 
amount injected varies from 5 to 1 5 cc Agar cultures of the bacillus have 
also been employed, which are less toxic than the bouillon cultures After 
the injection there is local redness and pam and frequently enlargement of 
the neighboring lymph glands There are gen ei ally some constitutional 
symptoms, slight fever, malaise and perhaps nausea and vomiting, but these 
usually pass off rapidly without any permanent ill effects The immediate 
effect of the vaccination is to diminish the resistance to infection by typhoid 
bacilli, and if large doses have been given this diminished immunity may be 
very maiked With this there is a great increase in both the bactericidal 
and agglutinatmg elements m the blood With small doses the increased 
immunity is less and persists for a shorter time This has led Wright to 
advise the giving of two weaker injections in preference to one strong one 
It IS evident that it would not be wise to vaccinate during an epidemic, as 
the procedure apparently makes the individual less resistant to infection for 
a time 

The great majority of the inoculations made thus far have been on the 
Biitish troops in South Afiica and m India It is difficult as }et to speak 
positively as to its value but the statistics suggest that it tends both to lessen 
the liability to infection and also the mortality m those v ho ha\ e been ^ acci- 
nated and contract the disease Wright considers that the incidence v as 
diminished about one-half in the inoculated, v hile the proportion of deaths 
among them has been rather less than one-half than those among the 
uninoculated He quotes the figures as follov s Among 19,069 inoculated 
soldiers there were only 226 cases of typhoid fever, a proportion of 1 to S4 4, 
and of these 39 died, vhich equal 17 per cent Among 150,231 uninoculated 
soldiers there v ere 3,739 cases of tvphoid fever, that is, 1 in every 40 took the 
disease, and the death-rate m this class was 25 per cent The protection 
gn en bv \ accination apparently persists for about tv o > ears 

It is difficult to predict to v hat an extent i accination against t^qilioid fever 
mai be used in the future It v ould certainh seem v ise to carri it out among 
troops vho are going to infected districts In epidemics it should not be 
used, as alrcadv noted The troublesome s;imptoms vhich occur imme- 
diateb after the injection should not be considered as a conira-vidicahon 
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Prophylaxis is best attained by killing the bacilli when they leave the 
patient Measures to prevent their introduction into healthy individuals are 
necessary and indispensable but it is like the attempt to kill millions of mos- 
quitoes which might never have been had the eggs been destroyed Let no 
one imagine that this is easy to do, for it involves much more labor and 
conscientious care than the majority of mankind are likely to give It is m 
the supervision of this that pov er given to competent authorities should be 
so valuable 


TREATMENT 

“It does not follow, of course, that the disease in all cases requires 
remedies or that a patient should necessarily take medicines because he 
has the disease ’’ — Nathan Smith I ^ ' 

The most important points in treatment are simplicity in the method, 
care in the nursing, constant M^atching and common sense throughout We 
cannot abort the disease, we have no specific treatment, and the problem is 
to bring the patient through a severe infection We should know our limita- 
tions and the dangers of misdirected zeal Among one hundred patients 
M ith typhoid fever there is a large proportion who will recovei with ordi- 
nary careful expectant treatment, a small number who null die despite 
all care, and an intermediate group the members of which recover or die, 
depending on our treatment The decrease in the death-rate comes from 
saving members of this intermediate group The most frequent cause of 
death is toxaemia, a condition nhich has to be kept in mind m every patient, 
a smaller number die from complications, and to save some of these the early 
recognition of the condition is necessary It has been estimated that probably 
8,000 persons in the United States die every year from perforation of the 
intestine m typhoid fever, and perhaps 2,500 of these can be saved by proper 
treatment 

It cannot be repeated too often that there is no routine method of treat- 
ment The patient as ivell as the disease must be considered and the woids 
of Oliver "Wendell Holmes may rvell be kept in mind “If a doctor has 
science Muthout common sense he treats a fever but not this man’s fever If 
he has common sense v ithout science he treats this man’s fever ivithout knoiv- 
ing the general Ians that govern all fevers ” Nor is our duty only to the 
patient It is more important to the commimity that there be no danger of 
mfection to others than that a given patient should be brought safely through 
an attack There is just as heavy a responsibility on us to see that the patient’s 
urine and feces are disinfected thoroughly as to recognize a peifoiation 
early enough to gn e the best chance for recovery The problem given us is 
to bnng the patient through an acute infection, in 'which the greatest danger 
IS from toxfemia, and to be prepared to deal properly with the complications 
For this latter we must be ready to recognize the condition at once and cany 
out the proper treatment To make a prompt diagnosis of perforation is as 
much our duty as to knon how best to treat hemorrhage 

Can M e cut short an attack of tjqihoid fever by any treatment 1 There 
seems no proof that w'e can Infection having occurred, so fai as we knoiv, 
t'\phoid fever cannot be abopted any more than scarlet fever or measles 
The course of the attack can be modified but more than this is'e can not 
do There arc mild attacks of typhoid fever m M'hich the temperature may 
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be normal within two weeks and the rose spots may appear after delci- 
vescenee If a favorite treatment has been used the course is attributed to 
tins, but it IS well to remember that such results occur v itliout an-\ drugs 
being given 

A point which frequently comes up for decision is the advisability of a 
patient travelling to his home or to a hospital some distance avay The 
“homing instinct” seems to be ver}^ markedl}’^ developed m typhoid feiei 
patients and they often insist strongly on taking the journey If there be 
no facilities for treatment where thej are or if they be seen at a ^ erv early 
stage a short journey may be permissible, but any long travel should be 
advised against strongly Patients who have travelled are usually made 
much worse and the mortality among them is high, m hile certain statistics 
have shoMTi that the death-rate increases with the length of the journey 
There is a great difference of opinion as to the giving of a purge at the onset 
or early m the disease Many who give no purgatives duiing the couise 
advocate calomel at the onset, with the idea that the course is modified The 
experience of this clinic has been strongly against the use of puigatnes at 
any stage of the disease It is interesting to note that in many of the patients 
who have diarrhoea early in the attack, this has followed the taking of purga- 
tives The less interference there is with the bowels at any stage the less 
trouble there will be from intestinal disturbances 

The ordinary treatment will be considered under the heads of (1) gcneial 
considerations, (2) expectant treatment, (3) hydrotherapy, (4) treatment 
by drugs, (5) eliminative treatment and (6) serum treatment The gencial 
management of the disease v ill be discussed and then the treatment of special 
conditions and complications 

1 General Considerations — We have learned slovh that typhoid 
fever is not a disease to be treated by diugs Care in the diet, musing and 
hydrotherapy are the most important measures Diugs may be useful for 
ceitain conditions but do not enter into the essential treatment Care and 
nursing mean much and m no disease do v e receive as much aid from an 
intelligent nurse 

If possible the patient should be treated in a hospital The adeantares 
of this are many, for m few houses can a patient be handled as satisfactoiily 
as in a hospital The nursing can be done in a better wa> , the complicatioi s 
may be recognized and tieated earlier and the lequisite disinfection earned 
out more thoroughly In country practice and in many places hospitals aie 
not available and the best has then to be done m the house In this e\cnt a 
large, airj loom vitli good ^entllatlon should be chosen The amount of 
light should be admitted vitli vhich the patient is most comfortable In 
siimmei he may be out of doors for part of the day if the liouse is so arranged 
that this IS possible A nurse should be in charge If this is not possible and 
the nursing is to be done b's the family oi by unskilled attendants, earctul 
ui litcn directions should be guen as to the diet, sponging, ind disinfection of 
the stools and urine These should be specific in e^er^ particular and Iea^c 
IS little as possible to the discretion of the attendants The quantlt^ of 
nourishment and water to be gi\en ought to be positnely stated Instruc- 
tion should be gnen to watch carefully for the appearance of important 
SMnptoms, such as abdominal pain, and the conditions for which the ph)- 
sician IS to be called at once, ought to be written down Eicn det iil should 
be consideied, for the sum of mmor points mai mean much Indefinite 

1 OL 2 — 14 
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directions should be a^olded It is aacII to liaAe a special chart kept so that 
exact knoAvledge is possible 

The patient should be put to bed at once, cAen if tlic fcAcr is slight or if 
there is only a suspicion of tjphoid fever We are too apt to tempoiue and 
alloAV a patient A\ith fever but uncertain diagnosis to go about for several 
dajs AA'hen he should be m bed This is ahiays a mistake and any fever in a 
doubtful case should be the sign for complete rest The AAOven-Avire single 
bed Avitli a mattress of medium baldness is best A lubber sheet should be 
over the mattiess, at any rate opposite the centre of the bed, and caie should 
be taken to see that the sheets are smooth In some cases an air- or aa ater- 
bed may be advisable Usually the patient is most comfortable AAutli only 
one pilloAA and very light bedclothing There are certain things to be carried 
out m every case Absolute rest should be the lule from the beginning and 
the patient should not be alloAved to get out of bed oi do anything for himself 
AAdiich involves exertion There may be some difficulty in the use of the bed- 
pan at first but this is usiiall}’^ overcome in a short time If this should occui, 
some advise letting the patient sit up, if the attack be mild This is a matter 
of opinion, but it is usually possible to accustom the patient to the use of 
the bed-pan and later it may be essential for him to use it, so that as a rule 
trouble is saA^ed by insisting on its use from the beginning Moie difficulty 
may be found AAuth urination, many finding great difficulty in voiding aaIiiIc 
lying flat Such a patient may be slightly raised or turned on one side, but 
it IS AA'ell to be firm and insist on his not getting up, for as a rule this difficulty 
disappears m a fcAA' days Occasionally retention may require the use of 
the catheter but this is to be aimded if possible, and hot applications to the 
hypogastrium or an enema of hot aa ater is often effectual m aiding the empty- 
ing of the bladder 

The matter of absolute rest invoh'es the prohibition of visitois, and the 
feAver people that the patient sees the better This may be difficult in 
a private house and can be more easily arranged in a hospital When 
patients are very dull, visitors do less harm but in any condition the fcAAcr 
the better There should not be any attempt to read to the patient nor should 
Avell-meant efforts to amuse him be alloAA’^ed, for these only tire him to no pur- 
pose Business matters should be strictly forbidden, although distress of 
mind may be saAed by alloAAung a patient to make arrangements and give 
directions at the onset of the attack 

There should ahvays be careful attention to the mouth After each feed- 
ing the tongue and teeth should be cleaned and it is advisable to use a mouth 
AArash The folloAving is a useful formula carbolic acid (1 to 20 solution), 
glycerme, aa gj (30 cc ), bone acid (saturated solution) gviij (250 cc ) 
The proportions can be changed if desired and it is sometimes Avell to increase 
the amount of carbolic acid Borax and glycerine is also a good combination, 
AA liile glycerine alone may be freely applied to the tongue, teeth and lips The 
nose should be AA^atched and an alkaline spray used if the nostrils become 
obstructed In toxic patients, especially if they come under observation 
late, the mouth may be in a foul condition Persevering cleanliness and 
laro-e amounts of Avater internally are the best aids for this There is often 
great difficulty in cleaning the back of the tongue, but the attempt to do this 

should alAA ays be made , , , i ni„ 

Absolute cleanliness of body is essential Special attention should he 
giA^en to the back and it ought to be rubbed Avith alcohol several times a day 
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The dorsal, sacral and anal regions need special care and it is well to have 
the buttocks v ashed with a weak solution of carbolic acid (1 to 40) after 
each stool A dry dusting powder should be freely used 

The stools should be carefully watched, and it is a good rule for the 
phj'sician to see a stool at least every two or thiee days, and eveiy day if 
there be diarrhoea The presence of milk curds should be looked for, while 
every stool containing blood should be saved for inspection Care must be 
taken, especially in the country, to prevent flies getting at the urine or stools 
Constant attention must be given to the disposal of the excreta and specific 
instructions should be wiittenontm. every case, if punted directions are not 
available The attendants ought to be warned of the danger of infection 
and the need of care for their own sake Certain patients attract flies more 
than the others, as is often seen in hospital wards where the flies will swaim 
about one bed Such patients should be protected by a mosquito net or a 
covering of cheese cloth 

As to the routme use of alcohol there does not seem any reason why it 
need be given m an ordinary attack and the great majority of patients will 
go through the disease without it 

Diet — The food should be fluid, easy of digestion and absorption There 
is a temptation to give too much rather than too little food and more patients 
are over- than under-fed Simplicity and efficiency aie two important things 
to be desired in the diet The mam reliance must be placed on milk‘ and 
there are few patients who cannot take it m some form or other It is usually 
better to give it well diluted with water or modified m some v ay Four to 
6 ounces may be given every four hours diluted with 2 ounces of lime water, 
an alkalme water, or plain water, or a little bicarbonate of soda may be added 
to the milk This gives 24 to 36 ounces of milk pet diem, which is enough 
for the majority of patients durmg the height of the attack Larger amounts 
can be well taken by many but are not necessary as a rule Albumin water 
IS given alternately with the milk This is made by beating up the whites 
of one or two eggs with a little water, then straining and adding a little lemon 
01 orange juice and some sugar if desired To this enough water is added 
to make 4 or 6 ounces This makes a palatable drmk and is usually given 
cold The great majority of patients m ill go through an attack on the above 
diet alone, the milk and albumin ivater being given alternately every tv o 
hours Such a diet is simple, good for the patient and reduces the work of 
feeding to a minimum, with it digestive disturbances are rare and it can be 
prepared anjnvhere, even by unskilled attendants It combines simplicity, 
efficiency and cheapness 

Certam modifications may be made If milk disagrees, if there be 
abdominal distention, or curds appear m the stools, whey may be substi- 
tuted for the milk or the egg albumin given alone m larger quantities 
STiey IS very useful in such conditions, it may be flavored v itli a little sherry 
Buttermilk, koumiss, peptonized or boiled milk may be used or some flavor- 


It IS important to be sure that the milk is pure This applies not only to the 
presence of tjqihoid bacilli but of other organisms Many digestive disturbances 
uiaj be due to the milk, a point to v hich Edsall has recently drav n attention m 
reporting an instance m vhich the milk supply of a hospital v as responsible for much 
intestinal trouble among the typhoid patients It is alvays important to examine 
b nud its source very carefully, and if there be any doubt the milk should be 
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mg, sucli as vanilla, may be added to the milk Ice-cream may be given 
and IS especially useful in the feedmg of children Other foods, such as 
barley water, may be given, bouillon and clear soups may be added lor 
some patients but should not replace the other foods Cocoa may be 
tried but frequently disagrees, tea and coffee can be given at any time, 
iced tea is often very grateful Beef tea, broths and the vaiious aitificially 
prepared foods are not only not necessary but may be harmful They are 
likely to aggravate any tendency to diarrhoea or distension and may v ell be 
omitted from the typhoid fever dietary' 

If any change from the diet given above be required it is usually in the 
direction of reduction Patients do very well on albumin water alone for 
some time, and there are good practitioners who give nothing but water to 
their patients during the height of the attack If there be any digestive distur- 
bance, such as Ammitmg or diarrhoea, or if undigested curds appear in the 
stools, it IS well to decrease the amount of milk or omit it altogether There 
IS little danger m a severe attack of the patient receivmg too little nourish- 
ment 

The question frequently arises as to whether or not the patient should be 
v aked for nourishment The majority wake occasionally through the night 
and at these times it is well to give food Patients with mild symptoms may 
be allowed to sleep for some hours but as a rule it is well to give nourishment 
— and especially water — at regular intervals These may be every three hours 
durmg the night, but there is no general rule and this point must be governed 
by the conditions present Great care should be taken m feeding patients who 
aie dull and stupid to be sure that they are sufBciently roused and able to 
swallow before food is given, as othenvise liquids may pass mto the lai^'nx 
and trachea 

Water — With the question of feedmg goes an equally important one — the 
givmg of V ater The need of large amounts of water is often forgotten and 
it IS not sufficient to let the patient take water only when he desires it There 
should be a constant endeavor to induce him to take larger and larger 
amounts and while awake he should take water at least every hour It is 
a good practice to keep a supply at the bedside so that the patient can help 
himself if he is able and this may be done easily by a rubber tube The giv- 
ing of favored drinks, such as lemonade, is of help m mcreasing the amount 
of V ater taken There seems no doubt that v e can reduce the severity of 
an attack by giving large amounts of Avater, and this is especially important 
for the delirious and toxic patients, who should be constantly induced to 
take it It is Avell to have a rule that the patient should take 3 liters (100 
ounces) of water per diem as a minimum and much better 5 or 6 liters 
Some patients vill take enormous quantities and it is not uncommon foi 
them to void 10 liters of urine in the twenty-four hours, one of this senes 
passing as much as 26 liters To be certain that a typhoid fever patient is 
bemg given enough water requires constant effort on the part of the phj^- 
sician and nurse If the patient be conscious and intelligent the importance 
of this can be explained to him and he is usually a willmg assistant Many 
patients learn that by drinking large amounts of v ater the fever is lower, 
tliey are more comfortable and not likely to haA^e as many tubs There seems 
no doubt that the patients who are under this Avashing-out treatment are 
hkeb to liaAe milder attacks It may be considered a form of internal 
hydrotherapy 
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2 Expectant Treatment — General care as noted above and the meet- 
ing of complications as they aiisc, describe tins method The disease is 
allowed to run its course v itli tlic hope that the outcome may be favorable 
No special form of tieatment is used, though as a rule some form of hydro- 
therapy IS employed, either sponges or the wet packs 

3 Hydrotherapyo — In some form this enters into practically every 
method of treatment With patients treated at home the use of sponges or 
packs may be the only method which can be carried out Cradles may be 
placed o\er the patient to support the bedclothes and, m the air chambei 
thus formed, ice-bags may be hung or a current of air sent through by an 
electric fan This may be combined Avith wet cloths over the anterior sur- 
face of the body, or the patient may be wrapped m a sheet and water fre- 
quently sprinkled over it By such means a considerable amount of evapoia- 
tioii IS brought about, but these methods do more for the comfort of the 
patient than they influence the course of the disease 

Sponges — These may be given ivith the ivater at any temperature but 
as a rule cold or ice-ivater is best Alcohol sponges may be used in some 
cases If sponges are given throughout the attack they are usuallj' adminis- 
tered when the patient’s temperature is 102 5° or over and as a rule every 
tliiee hours It is generally w^ell to use a good deal of w'ater in sponging and 
the duration should be tw'enty or thirty minutes Especial attention should 
ahvays be given to the back and it is probably w ell to devote at least half the 
time to it With patients w'ho aie very feeble and with very young or very 
old patients, sponges are often the best form of hydrotherapy They are 
usually emploj^ed for patients with hemorrhage or phlebitis, when lifting 
into the tub might be harmful 

Packs — These are useful if there be complications, for children and for 
dehiious patients w^ho cannot conveniently be given the tub baths It is 
W'cll to sprinkle the patients with cold water while they are m the pack and 
the use of fans is helpful, w'hilem severe cases one may combine friction w itli it 
In excitable or delirious patients it is sometimes best to begin w ith the packs 
faiily w arm and gradually reduce the temperature It is w ell to remem- 
ber that the sponges and packs have no marked influence on the general 
condition and, while they give comfort to the patient and undoubtedlj are 
helpful, their effect is m no way to be compared to that wdiich follows h}dro- 
therapy in the form of baths, w Inch almost seems to desen e the designation 
of being a specific treatment While we are unable to explam this fully, 
there seems no doubt that the effects of the tub are quite distinct from those 
which follow^ the sponges and packs If begun early in the disease they 
usually have a marked influence on the course and may be said to be pro- 
pin hctic as regards many of the dangerous complications The use of 
sponges and packs is only symptomatic 

Tub Baths — ith this form of treatment the mortality is low er than w ith 
anv other, but if used it should be done from the onset and earned out 
systematically Brand insisted on the importance of this It is well to begin 
the tubs as early as possible e%en if the symptoms be mild We can ne\er 
know liow se^ere an attack may become, and if begun early the bath treat- 
ment lessens the likelihood of sca ere manifestations later in the disease, espe- 
cially those due to profound toxaimia To use the baths only m se\ ere attacks 
or to wait until the patient is desperately ill before begmning them, is fair 
neither to die method nor to the patient, yet this is not infrequently done 
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In discussing the reasons for which the bath treatment is preferred it is 
evident that the effects on the various systems cannot be stnetly limited, for 
through an improved state of the neri^ous system all the funetions are 
improved, and this agam may be largely due to the meieased exeretion of 
toxins 

(a) Nei vous System — ^This may be put first, for the nervous symptoms 
are to some extent an index of the toxmmia With the baths the severe symp- 
toms usually improve rapidly, delirium lessens, muscular tremors dimmish 
and the mental state clears If begun early the severe toxic sy'mptoms will 
not often occur The old-time severe “typhoid state” is raiely seen in a 
clinic m which the bath tieatment is systematically used 

(b) Increased Excretion of Toxins — ^This occurs largely through the 
kidneys and is one of the most important results of the baths The amount 
of urine and excretion of toxins are both increased, the result of this being 
seen especially in the state of the neivous system 

(c) Reduction of Temperature — Let it be clearly understood that, despite 
a common opinion, this is not the mam object of the baths During the 
height of the attack the baths may' have but little influence on the fever, 
although markedly improving the general condition , later m the attack there 
may be drops of one to four degrees 

(d) Cv'culation — ^There is a gieat stimulation of the vasomotor system 
The heait rate usually falls and the pulse becomes smaller and haider, the 
soft, flabby pulse before the bath is m marked contrast with the firm pulse 
after it There is usually a rise of blood pressure, which is on an aveiage 
about equal to 15 mm of Hg By the condition of the pulse one can often 
know how long it has been since a tub bath was given The lymph circula- 
tion is piobably also affected and through the improved lymph and blood 
circulation all the systems benefit 

(e) Respiratory Tract — With each bath the patient takes at least three or 
four v'cry full breaths, expandmg the lungs thoroughly This diminishes 
the chance of passive congestion vv'hich is seen very rarely m clinics where 
this treatment is used The initial bronchitis is usually greatly benefited 
by the baths 

(/) Digestive Tract — The general absence of gastro-intestmal disturb- 
ances IS due partly to the baths, but the simple diet and other care are also 
important The improved condition of the mouth is marked 

(g) Skin — ^The liability' to bed-sores is much diminished, the frequent 
cleansmg of the skin being a good prophylactic Should boils occur, one tub 
should be used for that patient alone 

(h) Reduction of Mortality — ^This is the main purpose and follow's the 
improved conditions noted above By the bath treatment systematically 
carried out probably five to seven patients are saved in ev'ery hundred Theie 
are no more convincing figures than those published by Hare of Brisbane 
From 1882 to 1886 in the Brisbane Hospital imder the expectant treatment 
there w ere 1,828 cases w ith 271 deaths (14 8 per cent ) From 1887 to 1896 
under the bath treatment there were 1,902 cases w'lth 143 deaths (7 5 pei 
cent ) The only change between the tw'o periods w'as the use of the baths 
No figures can be more convincmg Ty'phoid fever the world over has about 
the same mortality under the expectant treatment, and while this v'aries in 
different epidemics and localities, in any large series will be found to be about 
15 pel cent Under the bath treatinent a large series w'lll probably show' a 



THE PROPHYLAXIS AND TREATMENT OF TYPHOID FEVER 215 


saving of five to seven patients per hundred It has to be remembered that 
large figures have to be taken and the results of many hospitals combined 
The mortality of a given hospital should not be taken alone, foi let a hospital 
gam a reputation for success m handling the disease and it is apt to ha\e 
patients sent m late in the attack who are m a dangeious condition 
Objections to the Bath Treatment — There are many uiged against it 
That it means much woik to all concerned is not denied, but is this not a 
cheap price to pay for saving five to seven patients m every hundred ^ That 
they are cruel the writer does not believe, and this is said from obseivation 
of many patients and from personal experience Much depends on the vay 
in which they are given, and every one superintending a clinic should take one 
himself No man should carrj'^ out the bath treatment without instiuction and 
expeiience If many patients malce complaint it means that the baths are 
not properly given There will ahvays be some complaint under any method, 
for an attack of typhoid fever is not a pleasant matter at the best, but v ith 
care complaints can be'reduced to a mm mum The practice of beginning 
the baths only v hen the patient is very ill or as a last resort should be con- 
demned If used they should be begun early and used systematically That 
they increase the frequency of complications is not proved, and the incidence 
of hemorrhage and perforation does not seem to be greater Relapses may 
be slightly more frequent but more patients are saved to relapse 
Method of Tubbing — The baths are given every three or four hours v hen 
the temperature is 102 5° F or over Even if the fever be persistentl} high 
the maximum number of tubs gnen m the twenty-four hours is 7, for theie 
is usually a little time lost with each tub The tubs are given for fifteen or 
twenty minutes The temperature of the water vanes from 70° to S5° F , 
there is no routine and the temperature is chosen which does best for that 
patient This is an important point to which attention is drav n As a rule 
the lov est temperature (not bcloiv 70° F ) v Inch the patient stands v ell 
should Jbe chosen The first bath is usually given at 85° and succeeding ones 
5 degrees lover until the most suitable point is reached No ice is used in 
the tubs, vhich should be noted as they are often spoken of as “ice baths ” 
hluch depends on the first bath, which is best given during the day and vith 
the physician present and as a rule for not longer than ten or fifteen minutes 
Should the patient be delirious, the first bath can be given at 70° F and in 
these cases cold applications to the head should be used 
A tub on rubber wheels vliich run without noise is the most suitable It 
may be filled outside the ward and wheeled to the bedside, vhich seems 
better than having the patient’s bed moved to the bathroom There are 
^ anous methods in use to support the patient m the tub In some clinics a 
stretcher is used, the patient being placed on it and then lifted into the tub 
i-his is useful for ^e^y heavy patients Canvas strips 40 inches in length 
and V ith a width vaiying from 15 to 30 inches are very satisfactor\ These 
are placed across the tub and held in position by clamps on its side vliich 
permit of easy alteration in the height of the canvas The strips are arr.inged 
to suppoit the patient at the proper depth and vhen he is m the tub the> can 
be easily changed so as to make him as comfortable as possible The head 
IS supported b^' a rubber ring or pillov The patient is prepared as follovs 
ihe bedclothing and govni are removed under a sheet and if he has been 
perspiring he should be rubbed dr^ It is v ell to place small pieces of cotton 
m the ears The patient is then lifted into the tub b> tvo attendants, one 
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slips an aim under the patient’s head, which is supported in the bend of the 
elbow, and lifts him by the hands under the shouldeis, the other attendant 
lifts the feet When they are leady the patient is asked to hold himself stiffly 
and IS then lifted into the tub This involves only slight exertion and often 
less than there is in putting the patient on a stretcher As soon as the patient 
IS in the tub he should be made as comfortable as possible The canvas 
stiips should be so airanged that the watei just covers the chest, with the 
head properlj'^ supported the ears ought to be out of the watei The canvas 
stiips should support the body evenly A compiess wrung out of cold watei 
IS put on the foiehead and changed occasionally If nervous symptoms are 
maiked it is well to apply cold affusions to the head frequently Attention 
to the little details saves much discomfoit and trouble 

While the patient is in the tub he should be rubbed constantly This is 
a most important part of the treatment Brisk superficial nibbing with the 
flat hand is bettei than kneading of the muscles Special attention must be 
given to the hands and feet, and it is bettei not to rub the abdomen Dining 
tlie bath the state of the patient vanes greatly, some are comfortable, otheis 
shiver and complain of the cold There maj' be cjxanosis and blueness but 
these need not cause any alarm The patients who shiver greatly during the 
bath and after it, often seem to do very well and it certainly is not a bad sign 
The patient should be removed from the tub if theie be great distress, un- 
usual cyanosis oi collapse, all of which are rare Vomiting, hemoirhage or 
complaint of abdominal pain are also indications for immediate removal 

The bed is prepared by putting a rubbei sheet over it and on this an oidi- 
nary sheet At the end of the time a fresh sheet is put ovei the patient in the 
tub, the wet sheet which has covered him is pulled down to the end of the 
tub and the patient is lifted out in the same vay as he was put in He is 
then wrapped m the sheets and covered with one or two blankets As a 
rule theie is a waim glow and the patient feels very comfortable At the end 
of ten minutes he is taken out of the sheets, rubbed dry and the gown and 
bedclothing replaced The “after tub” temperature is taken tventy to 
thirty minutes after the bath Nourishment oi a hot dunk may be given 
during the bath or as soon as the patient is taken out, but alcohol is not 
required as a routine after the bath It should be given if the patient’s gen- 
eral condition demands it and not because he has had a bath The patient 
usually falls asleep after the bath and if conscious generally feels moie 
comfortable Some may shiver but this is of no moment beyond the dis- 
comfort If there is no reaction, mIucIi is raie, hot dunks should be given 
and hot bottles put around the patient 

It cannot be too strongly emphasized that if there be trouble with the baths 
there is some fault u ith the way in which they are being given The use of 
water at the temperature best suited for the patient and careful attention to 
the details which mean so much for his comfort go far m preventing any 
trouble Theie are modifications of the method The temperatuie of the 
watei may be kept between 80° and 90° or the gradually cooled bath may be 
given Continuous immersion in a bath about body tempeiature has not 
pioved useful 

The contia-indications to the baths are severe abdominal pain, hemoi- 
rliage, any signs of peritonitis or perforation, cholecystitis, phlebitis or gieat 
piostiation Warm baths hai e been suggested for patients with acute neph- 
ritis Patients admitted late in the disease vitli grave symptoms are not 
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tubbed as a rule, although if they can take the baths, they are usually bene- 
fited It IS well to begin with baths at 85° for a period of ten minutes ui such 
cases, and also with very young or old patients the same may be done or 
some othei form of hydrotheiapy used Menstruation is not necessaiily a 
contra-indication, although it may be well to omit the baths for a day or tv o 
Women patients who are pregnant take the baths perfectly v ell Pneumonia 
and severe bronchitis are not regarded as contra-indications, m fact they aic 
usually improved by the baths 

In private practice one of the portable tubs which can be placed on the 
bed can be used This can be filled by a hose and emptied by a siphon, but 
they aie not so satisfactory as the plunge bath 

It may be said agam that the tubs should not be used m a routine way for 
every patient any more than any other form of treatment Consideration has 
to be given to the individual and if this treatment be used it ought to be in 
the way which does best m that particular case Thus some patients are 
tubbed only when the temperature reaches 103°, or if there be maiked toxic 
symptoms, even with the temperature below 102 5° the baths are given leg- 
ularly without reference to the fever The mdication foi then use is the 
condition of the patient, and the tempeiature is usually a fair guide to this 
but may not be In some cases the baths may be omitted durmg the night 

4 Treatment by Drugs — ^There is no specific drug treatment for 

typhoid fever Many practitioners give a fever mixture, quinine or dilute 
hydrochloiic acid as a routine If medicine has to be given, hydiochloiic 
acid IS probably the best There are two classes of drugs which should be 
specially considered ' 

1 Antipyretic Drugs — These have been given with the intention of 
reducing or keeping dovm the temperature, the coal tar products being 
especially used, but the value of any of them is doubtful The fever is only 
a symptom of the infection and to reduce it has no influence on the essential 
piocesses of the disease Then such drugs often do harm by their depress- 
ing action If those of the profession who have used antipyretic drugs m 
typhoid fever will discontinue them for a time it is unlikely that they v ill 
leturn to their use 

2 Intestinal Antiseptics — These have been used very extensively and 
many have been employed, such as salol, carbolic acid, chlorine vatcr, 
^-naphthol, acetozone, etc That they are of value is not proied It is 
impossible to bring about complete disinfection of the bovels, but even if 
VC could, it IS doubtful if tbe disease "would be mfluenced Hove\er, the 
maioiit}'^ of these drugs do no harm, ■which is moie than can be said of the 
antipyretics If the patient is kept on a simple diet, given laige amounts of 
watei and the bovels left alone, mtestinal disturbance will be at a minimum 

5 Eliminative Treatment — ^Tlns, as suggested especially by W B 
Thistle of Toronto, is based on the idea that in the toxmmia of t-^ phoid fei cr 
^e should carry on elimination by the bon el to as great an extent as possible 
This may be compaied to the elimination nhich ne use m lead poisoning or 
urajinia With this in i len the bo'vi els are kept freely open throughout the 

hole course of the disease Purgation is usually begun n itli calomel follon ed 

salines and enough is given to produce tn o or three "n ater} stools a da'v 

' dll this some mtestinal antiseptic, such as salol, is usually gl^ en throughout 
die attack The patient should take laige quantities of n ater to fai or elimina- 
tion both by the bon el and kidney It is held that the constant depiction 
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renders the intestines as free as possible from bacilli, lessens the number m 
the lymphatic tissues and carries away toxic material It also constantly 
sweeps out the bile, while the accumulation of gas m the intestine is pre- 
vented and diarrhoea is lessened A valuable feature m this treatment is the 
necessity of givmg large amounts of water so that the patient is being con- 
stantly flushed out The loose watery stools produced by purgation are in 
no way to be compared to those due to an irritative diarrhoea The diet and 
general management are otherv ise the same as in any other method of treat- 
ment and hydrotherapy m any form may be combined with it 

6 Ssrum Troatment — ^This is as yet in a more or less experimental stage, 
but we hope that the future will see the production of an efFective serum 
The work done has been along two lines, bactericidal and antitoxic, but there 
does not seem any proof of the production of any other than a bactericidal 
seium One difficulty, as pointed out by Wassermann, is the lack of suffi- 
cient complement m the patient’s blood A so-called antitoxic serum has 
been used m Pans by Chantemesse The toxm is obtained m the filtered 
cultures of typhoid bacilli grown on a medium containing splenic pulp and 
defibrmated human blood This is injected mto horses and the serum 
obtained from them This has been used m a series of 765 patients, 220 
of whom \v ere children, with a mortality slightly under 4 per cent , while 
at the same time m the other Pans hospitals the death-rate varied from 
12 to 18 per cent The earlier the serum was used the more marked v as 
the effect After its injection the temperature falls and the course may be 
shortened 

There have been various other serums prepaied m much the same way as 
that of Chantemesse These may be regarded as being more bactericidal 
than antitoxic, although for some the latter action has been claimed In the 
preparations of these serums — ^ivhatever be their value — different strains of 
the B typlioswi should be used Both on theoretical and practical grounds 
little IS to be expected from the use of bactericidal serums 

The antityphoid extract of Jez is prepared m a different manner The 
brain, cord, spleen and bone marrow of immunized rabbits are rubbed m a 
mortar and an emulsion is made from this After some time this is filtered 
and the fluid obtained is held to be antitoxic It is apparently not bacteri- 
cidal Its administration is usually by the mouth m considerable quantities, 
rarely hjqiodermically Theie are varying reports as to the value of this 
extract 

Treatment of Special Conditions — Toxaemia — ^^Vhen severe this may 
require special treatment One of the greatest difficulties is to persuade the 
patients to take enough water and in this they should be encouraged m every 
way If it be impossible to get them to take more than a small amount or if 
they refuse it altogether, the stomach tube may be passed and 300 cc of 
V ater given thiough it This can be done rapidly and the tube passed before 
the patient realizes what is being done Salt solution may also be given by 
the bowel, 250 to 400 cc every six hours, a soft tube being used and the fluid 
gnen slowly In serious cases, salt solution (750 to 1,000 cc ) can be given 
bj infusion once oi twice per dicm By these means we can keep up the 
amount of urine and favor the elimination of toxins There may also be 
difficulty m gettmg these patients to take sufficient nourishment and in this 
case they may be fed through the stomach tube, milk (150 cc ) v ell diluted 
or the V lutes of three or four eggs m v ater being given Rectal feeding may 
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be used but is to be done with great caution on account of the possibility 
of ulceration in the rectum 

Alcohol IS usually indicated in severe toxfemia and is best gn en in the form 
of spirits, either Avhisky or brand}' Champagne may be used if it agrees 
better than the other forms of alcohol, but whatever is chosen, care should 
be taken that a reliable brand is used as adulterated liquor may do the patient 
more harm than good The amount of whisky may be from 4 to 12 ounces 
in the twenty-foui hours, but m severe cases even more may be taken The 
excretion of alcohol by the breath is a good indication that too much is being 
given The best rule for the administration of alcohol is to v atch the patient 
carefully and be guided by the results 

Conditions in the Nervous System — ^Headache may be very troublesome 
and too often is little helped by treatment The constant application of the 
ice-bag IS often the most useful measure Small doses of codeia (giain 
0 016 gm ) may lessen it If the coal tar products are given for headaches, 
small doses should be used and with caution If these measures do not 
relieve the pain and the patient is unable to sleep on account of it, a small 
dose of morphia may be given hypodermically This is usually bettei than 
giving opium by the mouth 

Delnium is liest treated by h 3 'drotherapy, especially the baths, which 
improve the mental condition, quiet restlessness and are usually effectual 
without drugs An ice-bag should be kept constantly on the head of a deliii- 
ous patient and cold affusions applied while in the tub or being sponged 
Special efforts should be made to induce these patients to take large quanti- 
ties of water and so favoi elimination Great care should be taken to v atch 
a delirious patient constantly and he should never be left alone, for one can- 
not tell at what moment such a patient may get out of bed, perhaps only to 
wander aimlessly about the room but in other cases to try to escape through 
the V indow Even when apparently completely prostrated a patient ma} be 
capable of great exertion, and it is not sate to relax v atchfulncss because he 
seems too feeble to move The draw sheet is often enough to keep him quiet, 
it should come up to the chin Mith the arms underneath If there be great 
difficulty m contiolhng the patient, it is veil to use one of the forms of re- 
straining sheets, vhich is better than stiuggling vith him A good dose of 
morphia h-^podeiraically (gr I-, 0 016 gm ) is usual!} advisable When there 
is marked restlessness it may be difficult to keep the patient in bed, and for 
such it is well to ha^ e a narrow boaid along the side ot the bed to ple^ ent his 
falling out It ma} be difficult to gu e the tubs to such a patient and frequent 
vet packs may be substituted In hospitals it is veil to ha\e small rooms 
vith vire scieens on the vindovs for delirious patients 

Drugs may be of help in such conditions The bromides v ith small doses 
of chloial and codtia may be gnen but in serious cases it is better to use 
morphia h^q^odcrlnlcall^ It is veil to remember the importance of sleep foi 
these patients The patient ma^ thrash around m delirium or he quieth 
in coma iigil and for da^s not be asleep Probabh the best thing ve can do 
for such patients is to gne enough morphia Inqiodemiicalh to secure aomc 
hours of sleep The rare attacks of maniacal delirium are best treated bt' 
good doses of morphia h^’podermicall} and the gentlest restraint that is 
effectual 

Lumbar puncture is adMsablc for all patients vith delirium or profound 
stupor It IS important for diagnosis but also for treatment If fluid is 
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obtained on puncture it may be allowed to run as long as it comes witli any 
pressure, but it is probably well not to withdraw more than 20 cc at one 
time The puncture may be repeated daily if necessary, but the amount of 
fluid obtained and the relief given are the best guides for its repetition 

The patient with a psychosis in the course of the disease should be kept as 
quiet as possible, very carefully watched, and hydrotherapy carried on as 
thoroughly as can be done It is important that such patients should be well 
nourished and the diet should be increased as rapidly as seems advisable from 
the other symptoms 

Ahmentary Tract — Reference has been made to the care of the mouth' 
If the lips are dry, glycerine may be frequently applied Especial care should 
be taken to keep the mouth as clean as possible and to encourage the patient 
to clear the tin oat The complications which occur m the salivary glands are 
best treated at first by the application of an ice-bag If there be signs of 
suppuration an incision should be made, but in parotitis it may be advisable 
to relieve tension before there are positive signs of pus foimation and it is 
wnse to have a surgical opinion early In the rare cases in which e\tensive 
cellulitis of the neck occurs, serious obstructions to the breathing may appeal 
suddenly and the instruments for tracheotomy should be at hand If there 
be signs of laryngeal lesions, the mouth should be frequently cleaned, the 
patient’s head kept low, the atmosphere of the loom kept moist and prepar- 
ations made for tracheotomy, which should be done before maiked signs of 
obstruction appear If there is much difficulty or pam in swallowing, the 
possibility of ulceration m the oesophagus has to be remembered 

Stomach — ^Fortunately there are few gastric symptoms which need special 
treatment Nausea and vomiting are rare and if due to disturbance of the 
stomach itself it is well to cut dowm the diet to albumin and v ater or water 
alone Small doses of sodium bicarbonate and bismuth subnitrate (aa gr 
10, gm 0 6) may be given, oi the combination of bismuth (gr 10, gm 0 6) 
and cerium oxalate (gr 5, gm 0 3) may be tried Lavage is often helpful if 
the symptoms be severe There are some patients who are never able to take 
more than a given amount of liquid at one time without nausea or regurgi- 
tation and this limit has to be carefully observed Sometimes with meteorism 
the stomach is enormously distended and the patient is unable to belch up 
any gas The stomach tube gives immediate relief and may be passed every 
few liours as long as the condition lasts This is especially advisable if the 
distension is interfering with rcspnation 

Intestine Meteonsm — K simple diet with large amounts of water is an 
important preventive, but constant ivatch should be kept for meteorism, and 
treatment begun at once instead of vaitmg until distension is marked, for a 
slight amount will often dimmish vith care in the diet and the giving of a 
turpentine enema (30 cc of turpentine to 500 cc of warm water), and by 
these means any increase m the distension may be prevented When dis- 
tension IS marked, the diet should be reduced to albumin or water only A 
large flat ice-bag should be applied to the abdomen Of drugs, turpentine is 
the most useful and may be applied locally by stupes or given by mouth or in 
an enema The turpentine stupes are very useful, they may be applied 
frequently, but it is v ise to alternate them v ith stupes wrung out of hot water 
as the constant application of turpentme may cause severe local irritation 
The turpentme may be sprinkled on the stupe after it has been v rung out of 
hot water, but the better way is to mux it wnth the water (one dram to the 
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quait, 4 cc to the liter) and pour this ovei the eloth, Inch is then Miung out 
and applied to the abdomen The mode of application is simple A flannel 
roller is put beneath the patient, a little vaseline is smeared ovei the abdomen, 
the stupe is wrung as dry as possible and placed on the abdomen, the edges 
being rolled under to prevent any drippmg, oiled silk is put ovei the stupe 
and lastly the flannel bmder is brought over all The skin must be carefully 
•watched lest severe irritation be caused When given b}" mouth the usual 
dose of turpentine is it^ 15 to 20 (1 cc ) every four hours, but this should not 
be given continuously for more than forty-eight hours and the urine should 
be carefully watched, large amounts of water being given at the same time 
In patients with nephritis it is wiser not to give turpentine bj mouth hen 
turpentine is given by rectum 1 oi 2 ounces (30 to 60 cc ) may be added to i 
simple enema and caie should be taken to see that it is thoroughly mixed 
with the Avater The oil of cmnamon in doses of Tij^ 3 to 5 (0 3 cc ) may also 
be giA'en by mouth and charcoal and ^-naphthol aie sometimes of help 
Eserme has been given hypodermically m doses of giam ^o, iit probably 
acts by increasing peristalsis 

The rectal tube may also be used This should be passed gently for a 
distance of tAvelve to fifteen inches, but great care must be taken to avoid any 
undue foice and only a soft tube should be used, as ulcers in the rectum oi 
lower colon have been perforated by a tube It is usuallj^ A\ell to ledAe the 
tube in position foi about half an hour, turning the patient scA'cial times 
With some patients, especially if there is a tendency to distention, it is adA is- 
able to give a turpentine enema occasionally 
Constipation — ^This is to be desired If the bowels do not move, a simple 
or oil enema should be giA'^en every second day The possibility of fiecal 
impaction should be kept m mind and if it occurs the usual treatment should 
be employed In this clmic no purgatiA^e is giA'en by mouth aa hile there is fevei 
Diarrhoea — ^This is best avoided by not giAung purgatn es and by a simple 
diet When present it is Avell to cut off CAmrything except albumin aa atei by 
mouth and in severe cases giAm water only Large doses of bismuth (gr 30, 
gm 2) or acetate of lead (gr 2, gm 0 13) may be given by mouth every 
three hours The aromatic chalk poAvder (gr 30, gm 2) is sometimes helpful 
but the astringents seem to be of little use The question arises as to the 
adAisabihty of giving opium Distension is apt to occur Avith diarrhoea and 
this is favored by opium, perforation often occurs with diarrhoea and is 
rarel}' recognized if opium has been given In some instances the giving of 
small doses of codeia by mouth has been useful, but in intractable cases the 
use of the staich and laudanum enema is most eftectual It aaiH be found 
possible to deal AAuth diarrhoea Avithout giA^mg opium in the majority of cases 
ith diarrhoea oi incontinence of faeces it is Avell to keep a large pad bcloA\| 
the patient This maj' be made of some good absoibcnt material and should 
he sprinkled liberally aa itli dusting powder, by its use the soiling of the bed- 
clothes can be lessened and the danger of bed-sores diminished 
Hemorrhage — Small hemorrhages and those early in the disease raicly 
require any special treatment In the more sca ere cases the first essential is 
absolute quiet,' generally best secured by a hjqiodermic dose of morphia, onc- 

istion AA hether the rule in some clinics not to mov o the patient for 'ou’® 
hemorrliage, ca en to change the sheets, is a aaisg one There imv i 
ere cases from even turning the patient, but by leav ing linn on in- y 
bed-sores are almost sure to appear, and is it usually possible to 
ithout risk 
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sixth of a gram usually being enough The diet should be reduced to 
albumin watei or all food may be discontinued, and it is better to stop stimu- 
lants if they are being given A light ice-bag should be applied to the 
abdomen The giving of drugs is of doubtful value Ergot is probably more 
harmful than helpful Adrenalin has been given by the mouth or rectum, 
while some advise givmg small doses m a saline infusion (one dram — 4 cc — 
of the 1 to 1,000 solution being added to the salt solution) Styptics by mouth 
are of little value Some writers advise the giving of turpentine m good 
doses (iij 20, 1 cc every three hours) The most difficult question is as 
to the advisability of giving opium Its use is sanctioned by long custom but 
to vhat extent bleeding is lessened by its administration is a question not 
easy to answer By giving opium Ave favor distension which in itself is a 
seiious condition Perforation frequently occurs Avith hemorrhage, and if 
opium has been given there is practically no chance of lecognizmg it before 
the onset of general peiitonitis As a rule the patients Avith hemorrhage seem 
to do better AAuthout opium 

The calcium salts may be given as a prophylactic measure, the coagulation 
time of the blood bemg taken m every patient, and if it be prolonged, calcium 
lactate m doses of 10 grams (0 6 gm ) is given three times a day If hemor- 
rhage has occurred it is ahvays Avell to giA'e it, for it can ceitamly do no harm 
and should be helpful ivhere there is general oozing and perhaps also AAffiere 
the bleeding is from a large vessel Gelatine injections are of no more A’^alue 
than the calcium salts and are very distuibmg to the patient 

Should one use saline infusions after a hemorihage ? In case of very pro- 
fuse bleedmg Avith the patient exsanguine and m collapse, an infusion should 
be given, but as a rule the advisability of giving them is doubtful, because m 
some instances the mfusion seems to brmg on further bleedmg There need 
be no alaim about low blood pressure folloAvmg hemorrhage, this is to be 
desired as it favors clotting The use of saline mjections as a loutme after 
hemorihage is not advised 

In some quarters operatiA^e treatment has been recommended This seems 
of doubtful utility, especially a\ hen Ave remember hoAv difficult it may be to 
say from which ulcer the blood comes 

It is advantageous to have constipation after hemorrhage and there is no 
•need of moving the bowels for three days at least For this an oil enema 
followed by a simple one is usually best 

Perforation — ^The treatment of this condition requires no discussion — 
immediate operation is necessary But diagnosis must go before treatment, 
and Ave should consider it as much a part of our therapeutics to be prepared 
to make the diagnosis of tins complication promptly as to deal Avith it vdien 
it has been recognized There arc some points which may be emphasized 

1 It IS the duty of every man who is treatmg patients with tjqihoid feA'er 
to be as familiar as possilile aa ith the symptoms and signs of perforation 
There are feAV men who have the opportunity of studying many cases of it, 
and if they are seen only at long mreiA'als the impression of the essential 
features is forgotten from one case to another For this leason it is all the 
more important to study as a routine all tlie abdominal conditions found m 
typhoid feA'er 

2 The nursing staff should receive special instructions to report suspicious 
symptoms at once These orders are best aa ritten out so that there can be no 
possible doubt Especial stress should be laid on any sudden abdominal pam 
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or increase in pain previously present Nausea or vomiting, a sudden in- 
crease m pulse or respiration rate, and any sudden change in temperature, 
either a rise or fall, are important When suspicious symptoms appear, the 
patient should be seen at once The symptoms immediately after perfora- 
tion are often so characteiistic that the diagnosis can be made more easily 
then than later on This is one of the advantages of ha^ ing the patients in 
a hospital, especially if there is a senior resident v ho has had more e\- 
perience than the junior interne can have 

3 Careful records should be kept in every ease A patient v ith suspicious 
symptoms should be atched for some time, the physician staying at the bed- 
side, for the short lecurrmg attacks of pain, so nnpoitant m the diagnosis, 
may not last long enough to giyc time for the physician to be called and see 
them 

4 Friendly cooperation between the physician and surgeon is important 
The surgeon should begiyen the chance of seeing all patients with suspicious 
abdominal symptoms, foi it is only by'^ such experience that he has a propei 
chance to judge intelligently of the condition In a hospital there should not 
be any delay’’ fiom led tajie, to wait some hours for the visiting physician or 
surgeon to see the patient may' throw avay all chance of recovery 

Exploration should be advised in a doubtful condition and can be done 
under cocaine * No exact rules can be given as to w hat symptoms and signs 
justify exploration, but loiowledge of the abdominal conditions, constant 
obseiyation and caieful lecords all help to pie\ent needless operation It 
may be impossible to put into words the reasons Inch govern one in ad\ ising 
delay oi operation We must lemember that our endeavoi is to recognize 
the perforation and not the resulting general peiitonitis 

If a pcifoiation is found, the condition present must determine the pro- 
cedure A clean-cut opening can be closed by a purse-string sutuie of fine 
silk, reinforced by “mattress” satures Suspicious ulcers may be turned in 
by the same method When the opening is closed, the omentum should be 
brought down ovei the point of suture Diamage, for which gauze is best, 
should always be used it a perforation has been found and is advisable aftei 
exploiation vhen no perforation is found, if there be deep ulcers vhich may 
perforate later If there be much distension and general peritonitis, it may 
be best to bring the piece of boiiel nith the perfoiation into the vound and 
fix it there vithout any attempt at closure If the bond be friable and 
sutuies do not hold, as happens raiely, excision of a part of the bond and 
bringing the ends into the nound may be tried, but such cases are almost 
hopeless It IS n iser not to irrigate but to n ipe an ay' the exudate n ith gauze 
pads moistened a\ ith salt solution It is important to use gauze drains to the 
iinohed areas, and ulcers A\hich seem to be near perforation may be “tunu d 
in” b\ a few sutuies 

In all cases the dement of haste m operation is important Close the 
source of infeefion, nipe aA\ay' as much exudate as possible, put in drains 
and get the patient off the table as qiiickh as can be done The posslbllIt^ 
of a second perforation or of inteslmal obstruction aftemard h.is to be 

it has been decided to open the abdomen it is nell to p^e moriihia hviio- 
derniicalh (gr }) at once The abdomen can iisiialh be opened under cocaine and 
if there be no perforation the incision can be closed vith the patient little the i\or-e. 
If i perforation is found, a general anaisllietic can be gnen if neces^arj dunng the 
handling of the bond 
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remembeied, and if the necessity arises even a desperate condition should not 
pievent interference, for recovery after three operations is an encouiaging 
fact to remember Even if the patient be admitted with geneial peritonitis 
due to perforation there may still be a chance of recovery, as two of the 
successful results in this series belonged to this class In some patients 
there is no sign of healing in the incision Theie is usually seveie toxiemia 
in these instances and the outlook in any case is almost hopeless 

There may be peritonitis without perforation or a simple appendicitis may 
occur The symptoms may not differ greatly from those of peiforation, and 
exploration is mdicated, the condition found determining the proceduie 
Cholecystitis — ^In this “bordei-hne” condition the question of treatment 
IS a difficult one Granted that cholecystitis is present, should the abdomen 
be opened and the gall bladder drained ? The maiority of patients v ith this 
complication will recover without interference, others will as certainly die 
The milder attacks tend to clear up spontaneously and if the patients aie 
carefully watched, delay is usually safe, but there is always the risk of perfoi- 
ation If the patient be conscious so that a correct idea may be obtained 
as to pain and tenderness, and if he is m a place where constant v atching is 
possible and immediate operation may be done if perforation occurs, one can 
wait with some degree of safety But there is always the risk of waiting too 
long and after one has lost a patient from so doing, there is more inclination 
to advise operation m severe cases For the pain, an ice-bag or hot stupes 
may be applied but opium should not be given Tapping the distended gall 
bladder through the abdominal wall ought not to be done If the symptoms 
be acute and the signs pronounced, especially if progressive, operation is the 
safer course Opening and draining the gall bladder can be done under 
cocaine If peiforation has occurred or is strongly suspected, exploiation 
should be done at once It is not safe to consider that there is no danger of 
perforation as long as the gall bladder is not palpable, for a much enlarged 
gall bladder may not be felt or perforation may occur m a non-distended one 
If there be doubt as to the condition, exploration is probably safer as it means 
little added risk, while delay may mean the same, or perforation may occur 
and the danger to the patient be greatly increased The exact procedure after 
opening the abdomen must depend on the eondition found but drainage is 
usually the safer course It may be advisable to pack gauze about the gall 
bladder and open it a few hours later 

Abdominal Pam — This frequently demands treatment Careful exami- 
nation should always be made to deteimme its cause so that treatment may 
be as rational as possible Thus if it be due to constipation or a distended 
bladder, it can easily be relieved or if from distension this can be diminished 
The possibility of pam being due to some acute abdominal complication, 
such as perforation, cholecystitis, etc , must always be kept in mind If no 
cause can be found we must use symptomatic measures, thus an ice-bag oi 
turpentine stupes may be applied to the abdomen, while the light application 
of the Pacquehn cautery is sometimes useful If the pam is severe and per- 
sistent, small doses of bromide (gr 16, gm 1) and codeia (gr i,gm 0 016) 
may be given If it is very severe and is not relieved by these measures a small 
dose of morphia (gr I, gm 0 01) may be given hypodermically, but the need 
for this IS infrequent It is better to give morphia than opium, for severe 
abdominal pain may be due to an acute abdominal complication and if opium 
IS given the ffifficulty of recognizmg this is greatly increased By givmg 
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opium for abdominal pam in tj'phoid fever many patients lia\e gone to a 
comfortable death without a suspicion even being entertained that a com- 
plication, such as perforation, was present 

Respiratory Tract — Severe epistaxis may be troublesome The appli- 
cation of cold, the use of astringents, such as alum oi adrenalm solution 
(1 to 1,000) locally, is usually enough to control it, but occasional!} it may be 
necessary to plug the posterior nares with gauze The initial bronchitis 
rarely lequircs any treatment and with the bath treatment it usually clears 
up rapidly If it be severe, small doses of a sedative expectoiant may be 
given, but the ma}ority do about as well without any drugs If there is 
sputum, this should be disinfected as it may contain typhoid bacilli Pleuris} 
should receive the usual treatment and an effusion should be tapped early 
and an empyema drained immediately The prevention of the hypostatic 
type of pneumonia is most important The bath treatment is a great help m 
this, but m addition the patient should be kept carefully turned from side to 
side and supported by pillows so that he lies as little as possible on the back 
The importance of this should be frequently impressed on the nurse When 
pneumonia is present the treatment does not differ from that usually given 
and the baths may be kept up ivith advantage 

Circulatory System — It is important to keep constant ivatch not only on 
the rate and character of the pulse but also on the sounds of the heart The 
blood-pressure record is also of value When the pulse becomes rapid, 120 
or over, and the first sound of the heart feeble, it is well to give str}chnia, 
w'hich may be begun by mouth in doses of gram to (gm 0 001 to 0 003) 
c\ ery four houis In serious cases it is better to give it hypodermically m the 
same or even larger doses The patients stand the drug well and it can 
safely be gnen m full doses, even up to gram ^ every four hours for a shoit 
time If there be signs of an overdose, as shown by muscular tw itching, etc , 
all that IS necessary is to omit the drug for a few' hours With signs of a 
failing heart, alcohol is usually a help, and the patient may be gnen from 4 
to S ounces in the twenty-four hours Whethei alcohol is to be considered 
a cardiac stimulant is difficult to say, but the patients seem to use it and be 
benefited whether it be a stimulant or a food In patients with a \cr} rapid 
pulse and marked signs of cardiac failure the giving of digitahne In-poder- 
micalh , in doses of grain ^ (gm 0 002)e\er\ four hours, is sometimes help- 
ful As a rule it is better not to gn e more than four doses in one scries but this 
ma> tide the patient OAcr a critical period Saline infusions arc sometimes 
of use, an aAcrage amount of 500 to 700 cc being gnen In cases of sudden 
collapse, camphor (gr 2, gm 0 13 dissohed in oine oil) or ether (np 20 to 
30, ce 2) maA be gnen In podcrmicall} and repeated doses of [the aromatic 
spirits of ammonia (dram i, cc 2) In mouth As a rule it is better to gne 
drugs such as str\chnme and digitalmc Inqiodermicalh, when this can be 
done 

Phlebitis — The leg should be somewhat cle\ntcd and kept absolutch at 
rest on i jnllow The attend mts should be instnicted not to rub it and to 
exercise e\er\ care when mo\cment is neccssan It mai be w rapped in raw 
cotton and lighth bandaced The lead and opium lotion mn lie appind 
loealli If there be sciere pain.gcnenil sedatnes ind c\cn morphia nun Ik 
required The patient should be kept quiet for some days ifter the icute 
SMuptoms h nc disappeared and the leg used icn little forat least si\ weds 
It IS w ell to h 11 e the patient w ear a b indagc for .i tunc and 1 iter, if the n. be 
lOL C — 15 
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swelling, an elastic stocking should be worn The treatment of phlebitis in 
the arm is practically the same ^s m the leg 

Urinary Tract —A common difficulty, especially early in the disease, is 
retention of urine The necessity of frequent attention should be impressed 
on the attendants, for very often the patient feels no discomfort and does not 
ask for the urinal When the bladder becomes distended it may then be 
quite impossible for the patient to void Hot applications over the hypo- 
gastrium or an enema of hot water may be effectual, but it may be necessary 
to use the catheter Every effort should be made to avoid this, for it means 
added risk to/the patient and additional work to the physician If it has to 
be done great care should be taken to avoid mfection The catheterization 
should be done by the physician whenever possible, as too often m hospitals 
it IS intrusted to the orderlies If it has been necessary to pass the catheter, 
it IS important to try to have the patient void within three or four hours after 
being catheterized One should not wait until he feels the desire to urinate, 
because sensation is often dulled and the need of emptying the bladder is not 
felt The attendants should wait on such a patient at least every three hours 
It IS well to give large amounts of water, for, as a rule, the more urine that is 
being voided, the less trouble theie is with retention 

The occurrence of typhoid bacilli in the urine must be kept m mind 
These have to be looked for, as they may be present without causing any 
symptoms It is well to give urotropin (gr 15, gm 1) three times a day, on 
two days m the week, to every patient ivith typhoid fever If bacilli are 
present m the urine, urotropin should be begun at once and may be given in 
doses of gr 15 (gm 1) every four hours by the mouth The writer has never 
seen any harm from its use although some cases are reported If cystitis be 
present, urotropm should be given by mouth, and it is well to begin bladder 
irrigations of bichloride of mercury, at first of a strength of 1 to 100,000, 
gradually increasing to 1 to 50,000 The cystitis may prove very obstinate 
The importance of not allowing these patients to go from under observation 
until the mine is completely clear of organisms may well be emphasized, and 
it should be part of our routine treatment to be certain that before discharging 
the patient, his urine is free from bacilli 

The Skin — Constant care should be taken to keep this clean and special 
attention should be given to the dependent parts After each movement of 
the bowels, the sacral, anal and gluteal regions should be cleaned with a cloth 
wet with carbolic or bichloride solution Dusting pov der should be freely 
used In patients who are very toxic and have mcontmence of urme or fieces 
the care of the skm is a most difficult matter It is well to use a rubber uiinal 
and keep large pads under the buttocks, these can be easily lemoved and 
may save the necessity of changing the bedclothes When there are signs of 
ledness m the sacral region, it is well to keep the patient on a ring or turn him 
frequently from side to side, and the rubbing with alcohol and the use of 
dusting powders should be kept up One of the best local applications, at the 
first sign of redness, is a 1 per cent solution of silver nitrate pamted over the 
area If any signs of breaking dowm appear, we should endeavor more than 
ever to keep the patient off his back, but it is well to remember that when a 
bed-sore has once begun it may be veiy difficult to check its course There 
are many applications that may be used but perhaps the bone acid poultice, 
frequently changed, is as good as any Dusting powders should be used and 
a constant effort made to keep the area as clean as possible As a rule dry 
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applications are pieferable to ointments at an early stage, although the latter 
may he used nitli advantage when healmg hegms If sloughs form they 
should be cut av ay at once, and it is well to remember that they may extend 
some distance under the healthy slcin The usual treatment of bed-sores is 
the same as that of such ulcers elsew here Every effort should be made to 
keep them as clean as possible, as m some instances they are the source of a 
general infection 

Boils are troublesome complications, and as one patient may infect another, 
care should be taken that neither his sponge nor tub is used for other patients 
As a rule early incision is the best treatment, this can be done under a local 
amesthetic and sai es the patient a great deal of misery 

Ductless and Other Glands — With the first sign of involvement it is well 
to put on an ice-bag or use hot applications If there be signs of suppuration 
it IS veil to make a free and thorough incision early Aspiration has been 
done in some localities, such as the breast, and has given relief, but if there 
be pus an incision is usually necessary 

Bone Lesions — Occasional!}' these come on during the course of the fever 
The application of an ice-bag often relieves the pain and periostitis may 
subside V ithout an} other treatment The areas should be carefully v atched 
and, if suppuration occurs, it is veil to incise at the time and leave more 
thorough surgical treatment until after recovery from the attack The occur- 
rence of bone lesions m the spine may give considerable trouble The 
Pacquehn cautery lightly applied may give relief but sedatives by mouth and 
even morphia may be requiicd If the pain be very se\ere a light plaster 
jacket should be applied If coxitis be present, the frequency of dislocation 
must be remembered and every care taken to prevent this by keeping the leg 
at rest, either by a long splint or sand-bags, and care sliould be taken with 
every movement of the patient 

Tender Toes — ^Thorough rubbing of the feet during the baths is an 
important preventive When pain is present the application of equal parts 
of alcohol and tincture of iodine has been found very useful, vdiile in some 
patients the oil of gaulthciia apjihed locally has given relief It is always well 
to put a cradle over the feet to remove the weight of the bedclothes 

Relapse — ^The treatment of this differs in no vxay from that of the original 
attack During a recrudescence it is s,ifer to cut dovm the diet to liquids 
The post-typhoid elevations as a rule require no special treatment 

Convalescence — ^This may be the most troublesome part of the disease to 
treat, and the greatest difficulty is in the matter of diet The v'riter is con- 
servative m this matter, feeling that vdiile there may be no danger m the 
early giving of solid food, there is certainly safety in the opposite course 
Clear soups, broths, gruel and beef tea may be gradually added to the diet 
as the temperatuie becomes noimal In the first fev days of normal tem- 
perature junket, jellies and soft eggs may be added Then soft toast may be 
given about the end of the first week and from the seventh to the tenth day 
scraped beef or sweetbreads may be given, after this the patient bemg put on 
"light diet ” By adding a little every day to the dietary the patient is less 
likely to complain Reference by the physician to hungei and diet should be 
avoided and it is often wise to have the additional food come as a surprise to 
the patient The smuggling of food by friends has to be guarded against 
In all cases the condition of the patient and the character of the attack should 
be considered With a coated tongue, a tendency to diarrhoea or after an 
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attack with marked abdominal features, it is well to be espeeially cautious 
111 mcreasmg the diet Aftei a protraeted attaek oi if theie be maiked 
emaciation or a psychosis, it may be well to feed more liberally There is 
no set rule, the dietary foi each patient must be decided by the conditions 
present 

The patients may be propped up in bed usually from the seventh to the 
tenth day of normal temperature and allowed up in a chair three or four days 
later It is well to have them out in the open air and sunshine as much as 
possible durmg convalescence Durmg this time they should be guarded 
against excitement and are better not to see many visitors At first they 
should see only one a day and the number should be increased gradually 
It is generally best not to allow the patients to read too early, certainly not 
before they are up m a chair The patients with a persistent slight fever give 
considerable anxiety, this occurs most often m those who are veiy emaciated 
or neurotic Discontinuing the taking of the temperature or domg so only 
once or twice a day is often all that is needed In these patients, if there be 
no complication, one can increase the diet rapidly even if there be some 
slight fever Constipation may be troublesome and for tins enemata or olive 
oil are especially useful If a purgative by mouth be needed it is well to give 
castor oil, half an ounce of which may be administered m the evening The 
combination of the fluid extract of cascara and glycerine (of eaeh a dram, 
4 cc ) given two or three times a day is helpful Subsequently cascara alone 
or compound licorice powdei may be used Diaiihcea during convalescence 
should always be regarded seriously, as it is often associated with ulceration 
m the colon and may prove very persistent The diet should be carefully 
restricted, large doses of bismuth (gr 30, gm 2) or zinc oxide (gr 5, gm 0 3) 
given by the mouth and astringent injections used, sueh as alum, weak silver 
nitrate solution (1 to 1,000), etc In very emaciated patients a daily oil rub 
IS useful Alcohol may be helpful m patients who are exhausted and recover 
slowly Iron should be given, if there be anasmia, in the form of Blaud’s 
pills, and there is no objection to beginning its use befoie the temperature is 
normal 

There may be marked disturbance of the heart rate, either increase or 
decrease, especially after any exertion or excitement These patients should 
be kept at rest, in bed or in a chair, until the pulse rate returns to normal or 
near it, and strychnine in good doses should be given They should mcrease 
the amount of exertion very gradually and be cautioned against sudden effort 

An important matter to decide is the length of time that should elapse 
before patients return to work With a laborer there is not much difficulty, 
as he IS not likely to return to work until he is physically able, and with an 
attempt too early, weakness prevents any harm being done In the case of 
a professional man the matter is more difficult, and the physician should be 
firm in insisting on a prolonged vacation The length of this must depend 
on the character of the attack, but a minimum of at least three months should 
be given from the time the patient is convalescent, and in some cases six 
months v ill be required If the patient is very nervous and easily upset by 
any mental exertion it may be a yeai before he is able to take up work again 
Patients are frequently ver>' much worried by incapacity for mental exertion, 
and loss of memory, both of which are common after an attack The physi- 
cian can safely give a good prognosis m regard to these, time is the best 
treatment 



THE PROPHYLAXIS AND TREATMENT OF TYPHOID FEVER 229 


Another troublesome occurrenec is the fallmg out of the hair, the likelihood 
of which IS lessened by cutting it short at the beguining of the attack Should 
it occur little can be done to check it, except the use of a stimulatuig hair 
lotion 

Alter a severe attack there ma}' be swellmg of the legs v hen the patient 
goes about, especially m the latter part of the day It is well to keep these 
patients quiet until there is no return of the oedema vhen they go about on 
their feet A bandage or elastic stockmg may be used 

Sequelae — The bone lesions may appear at a long interval aftei the attack 
Their treatment is strictly surgical and thorough excision of the diseased 
areas is necessary Qilsophageal stricture may be treated b}^ dilatation or, 
if this prove ineffectual, by operation The t3’phoid insanity is probabty best 
handled by an alienist The matter of the best treatment for these patients 
may be a difficult one to settle, but if theie be a definite psychosis after 
reco\ery from the attack of fever it is usually advisable to place them m an 
institution for the treatment of mental diseases The post-tj'phoid neuritis 
offers no special peculiarities m tieatment, massage, electricity and str^'clmia 
internally are useful The typhoid spine is ncarl}" alvays associated vith a 
general neurotic condition, and for this separation from friends, persistent 
hydrotherapy and the Pacquehn cautery to the spine are especially useful 
A light jacket should be worn for some time and is usually helpful Chole- 
cystitis as a sequel should be treated by the same methods as during the 
attack 

It is not uncommon for patients to become very stout during convalescence, 
but as a rule this condition is not permanent and they commonly lose weight 
as they regain muscular strength Persistent enlargement of one leg and the 
development of varicose veins after phlebitis may be troublesome The use 
of elastic stockings may give relief but too often this is a cause of troublesome 
disability 

The general treatment advised may be summed up as follows 

1 Absolute rest 

2 The diet should be liquid, as simple as possible, and with it large 
amounts of vater 

3 Hydrotherapy, best in the form of the tub baths, if it be impossible to 
give these, sponges or packs maj' be substituted 

4 Leavmg the bowels alone as far as possible and using enemata if neces- 
sary 

5 Drugs to be given only if there be special indications, alcohol not to be 
given as a routine 

6 Constant vigilance to recognize complications and the knowledge how 
best to deal with them 

There are certain things vhich should be done as a routine in the daily 
examination of the patient with typhoid fever The general condition, the 
temperature, pulse and respiration records, the mental state, the condition 
of the mouth and tongue, the character of the heart sound and pulse, the 
stete of the lungs, especially at the bases, and above all the condition of the 
abdomen as regards distension, tenderness, pain, extent of the respiratory 
movements and resistance or rigidity, should all be noted With this the 
amount of urine and the number and character of the stools should be 
observ'ed It is an advantage if there be a record of the blood pressure and 
a coimt of the leukocytes every two or three days The urme should be 
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examined frequently and typhoid bacilli looked for Should symptoms 
suggestive of a complication appear the records ought to he taken more 
frequently 

The important pomts are simplicity m the method, care m the nursuig and 
common sense throughout We cannot abort the disease and we have no 
specific treatment as yet Careful nursmg, constant care, and an intelligent 
Imowledge of our limitations and the evils of misdirected zeal, are all essen- 
tial The comfort of the patient and the necessity of bemg sure that he 
obtams sufficient sleep are important 

In conclusion, “yet is not the sick to be left as desperate because the 
Disease is not hasty, and kills not suddenly, and out of hand but is dravn 
out at length, and grants times and occasions to nature of recollectmg her- 
self, and to the Physician of givmg Remedies ” — (Translation, Wilhs “De 
Febribus.”) 



CHAPTER VII 


TYPHUS FEVER 

Bi THOJIAS JIcCRAE, M D 

Definition — ^T^phus fever is an acute disease, usually prevailing in 
epidemics, vei) infectious and as yet of unknown origin It is characterized 
by a sudden onset, a macular eruption, severe toxremia and a compaiatively 
definite course usually terminating crisis The disease has been Imown 
by many names, hospital fever, jail fe\er, camp fever, ship fever, spotted 
fever, etc Up to comparatively recent times it was confounded with typhoid 
fever, malarial fe-\ er, relapsing fever, dysentery and the plague It is perhaps 
the most infectious of all diseases and therefore occurs as a rule in epidemics, 
endemic cases being very rare Ty'phus fever is much like the acute exanthe- 
mata m that it IS usually transmitted by direct contact, has a characteristic 
eruption, runs a self-limited course and is rarely followed by a relapse 

Historical — The teim “typhus” was applied from the time of Hippo- 
crates to a condition characterized by stupor and delirium In early times 
the disease vhicli y\e now designate by this name was confused with otheis, 
but from the descriptions of epidemics we can recognize it m many of the 
older writers The earliest accounts aic of epidemics m the sixteenth century 
in France, Italj and Hungary The name “typhus” was apparently first 
applied to this disease by de Sauvages in 1760 Probably the first to describe 
the disease i\as Fracastorius of Verona, yvho saw epidemics in Italy in 1505 
and 1528, m his work “De Contagione et Contagiosis Morbis ” He noted its 
association with famine and wai, commented on its contagiousness by the air 
and described the rash as “lenticulae, vel puncticulie aut peticulse,” so that 
the name petechial fevei came into use In 1542 there yvas an extensive 
epidemic to which the name Morbus Imngancus vms given In Germany the 
terms “ Ilaupth ankheit” and “ Hauptwch” had been given by the people 
In England during this centuiy vas the first "Black Assize” in Oxford m 
1577, the name being given because all the court officials contiacted the 
disease from the prisoners biought for trial The name "jail fever” was 
used as a synonym, and from the prevalence of the disease among camps and 
armies the names camp or military fever were applied 

In the eaily part of the seventeenth century there were many epidemics, 
the disease visiting nearly every country in Europe In England, Wilhs 
described it in 1681 and gave the name “Synochus putrida ” During this 
and the eighteenth century the disease was Avidely prevalent both m war and 
peace The estimates of the numbers who died from it aie appallmg In 
the early part of the eighteenth century the disease was so common that 
special hospitals were built for it At this time there weie very erroneous 
views as to its nature and some of the descriptions show that relapsing fever 
was often confounded Some writers evidently did recognize the clinical 
differences from other diseases, especially the plague and relapsing fever and 
even from typhoid fever, but there was no general acceptation of these views 
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During 1812-13 came perhaps the greatest known epidemic^ among 
Napoleon ’s armies m Russia, but from 1815 to 1846, the disease was rare 
except m Great Britam and Italy, which caused great difficulty in its dis- 
tinction from typhoid fever In France, v here there was little or no typhus 
fever at this time, there was less trouble In 1846-48 the disease was very 
prevalent m Great Britam and Ireland During the Crimean War there was 
an epidemic at Sebastopol In 1873 it was m Berlm, 1874-76 in Prag and in 
1875 m Vienna From 1877 to 1882 it was common m Prussia and theie was 
an extensive outbreak durmg the Turko-Russian War m 1878 There is 
probably a more or less constant source of infection in Southern Europe 

On the American continent the disease has never been very prevalent 
There were epidemics in Canada m 1847, mtroduced by immigrants, in 
New York in 1881-82 and 1892-93 and m Philadelphia m 1883 It occurred 
m hlexico and Cuba in 1906 Fortunately the disease has never had a per- 
manent habitation in this country 

Geographical Distribution — At the present time typhus fever has 
disappeared over a considerable part of the earth It has been a disease 
rather of temperate and cold climates. Great Britain, Ireland and Russia 
having especially suffered from it In the United States there have been no 
outbreaks for over ten years Sporadic cases may crop out occasionally at a 
great distance from any knorni focus of the disease There was an example 
of this in Baltimore inl901,when three patients were admitted from onehouse 
where they lived under very unsanitary conditions and were in contact with 
foreigners who had recently arrived from southeastern Europe About the 
same time a fourth patient was admitted, who had lived m good surround- 
ings, could not possibly have been m contact with the other patients and who 
had to be regarded as a sporadic case Fortunately there were no instances 
of mfection fiom these patients The disease in epidemics is exceedingly 
infectious but sporadic cases are apparently not so dangerous, a pomt on 
which Murchison laid much emphasis In epidemics the doctors and 
nurses are always attacked m large numbers, and there is no disease which 
has claimed proportionately so many victims from among the members of 
the profession 

The disease is more or less endemic in Great Britain and Ireland There 
are always a certain number of cases each year, but it is well controlled and 
there is apparently no special danger to the community In certain parts of 
Europe, especially the southeast, the disease smoulders, and m certam of 
the Baltic and Polish provinces, in Hungary and Turkey, it is always more 
or less present Southern Italy is also a focus and in northern Africa it is 
apparently endemic Persia is rarely free from it but curiously enough 
in India the disease seems to be very rare It oecurs occasionally m 
China 

Etiology — ^^^arious organisms have been described but none can be 
regarded as satisfactorily proved to be causal We do not know in what v ay 
the infection leaves the patient nor how it gains access to the body of healthy 
individuals, although there are many points which suggest the respiratory 
tract as the portal of entry An abundance of fresh air seems to be the most 
pov erful influence in restricting the spread of the disease and the opposite 
condition of foul air with overcrowdmg favors its development The disease 
does not seem to have a great “stnkmg” distance and the infection does not 
cross air spaces 
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There are ^ arying opinions as to the time of greatest infection, many of the 
English riters holdmg that the danger of contagion is slight during the 
first week, hile Curschmann believes that it is gieatest at the beginning and 
height of the febrile stage There are many instances of infection having 
occurred m a very shoit time of exposure, m which it is much like 
smallpox 

Immumty — ^Almost everyone may contract the disease, natural immunity 
being very unusual A second attack is veiy raie, although Murchison had 
two with an interval of ten years 

Sex and Age — ^Li widespread epidemics the tivo sexes are equally 
attacked, but in districts where the disease exists for some time in partial 
epidemic foim, males are m the majority, as might be expected from their 
greater exposure to contagion Pregnancy and lactation do not seem to 
have any special influence Fagge states that piegnant women may go 
through an attack without delivery occurring and if premature delivery 
occurs the child generally lives if not too immatuie Infants are appaiently 
only slightly susceptible but after the age of five years children appeal to be 
almost as much so as adults The number of adults over fifty years is com- 
paratively large Among 7,741 cases (Curschmann) there w^ere 12 8 per 
cent below' 15 years, G5 2 per cent from 15 to 40, 18 7 per cent from 40 
to 60 and 3 2 per cent over 60 years of age 

Social Conditions — These play the most important part in the etiology 
Persons hvmg in unsanitary and especially crowded dwellings are very 
susceptible With this goes the physical state so greatly influenced by 
improper or scanty food Fagge states that of 18,000 patients admitted to 
the London Fever Hospitals during tw'enty-three years, 95 7 pei cent had 
been inmates of hospitals or dependent on parish relief Privation, starva- 
tion and w ant are pow'erful influences, wdiile depiession caused by fear of the 
disease, previous exhausting illness or by oierexertion is apparently an 
important element Patients convalescent from other diseases seem very 
susceptible and gastro-intestinal disorders render the individual more likely 
to contract the disease Alcoholism is an important predisposing factor 
The view that tuberculosis confers immunity is probably not correct 

Morbid Anatomy — ^The findings after death are not characteristic, 
except in cases wdiere the typical rash can be made out The condition is 
generally such as may be observed after death from an acute infectious 
disease, and knowmg nothing of the history of the subject, it W'ould be 
very difficult to make a diagnosis of typhus fever from postmortem examina- 
tion unless the rash w'as present The absence of any definite lesions 
may be the most marked evidence of typhus fever 

Emaciation is usually not present to any extent Rigor mortis is usually 
slight and disappears rapidly Putrefaction occurs rapidly There are often 
numerous areas of discoloration over the surface, and if the eruption was 
present the petechue and hemorrhagic areas may be seen The blood is 
usually darker and more fluid than normal Coagulation is apparently 
diminished and as a rule there are no clots m the heart The muscles are 
soft and on section have a deep red color, with hemorrhages into their 
substance m some cases Histologically they show marked degeneration, 
which may be especially marked m the heart muscle 

The Nervous System — ^The changes here are comparatively slight 
There may be marked hyperiemia of the membranes and occasionally 



234 


INFECTIOUS DISEASES 


hemorrliages, which are much more frequent into the membranes than into 
the brain substance ' 

The Respiratory Tract — ^The respiratory tract shows changes very fre- 
quently The mucous membrane of the pharynx and larynx commonly 
shows an inflammatory condition Avith perhaps superficial erosions In 
some mstances the changes about the pharynx are quite marked and at 
times perichondritis with necrosis and pus formation is seen In the trachea 
and bronchi the mucous membrane is inflamed and at times shows hemor- 
rhages With the bionchitis there is frequently some bronchopneumonia 
and collapse, while hypostatic congestion at the bases is common Lobar 
pneumonia apparently varies very much m different epidemics, Cursch- 
mann notes that m Berlin it was present m 15 per cent of the fatal cases 
Pleurisy may occur but is not very common 

The Circulatory System — ^The heart very commonly shows a certam 
amount of dilatation associated with degenerative changes in the muscles 
The arteries do not apparently show much alteration 

The Digestive Tract — Changes in the mouth are not mfrequent and 
theie may be excoriation and fissures m the tongue with ulceration^ of the 
gums The mucous membrane of the stomach and mtestine usually shows 
a catarrhal condition and ecchymoses may occur, but these lesions are 
comparatively slight There is no change m the Peyer’s patches, although 
in some cases the follicles in the intestine may show some swellmg The 
mesenteric glands are not enlarged Ecchymoses may be found on the 
peritoneum The liver may be enlarged, soft and hyperaemic and often 
shows signs of cloudy swellmg If death occurred late m the disease fatty 
changes may be present 

The Spleen — ^The condition of the spleen depends on the day of disease 
when death occurred If this has been during the first week, the spleen is 
usually found enlarged, but after the middle of the second week this is 
usually not found On section the spleen is dark red m color and the pulp 
IS soft 

The Gemto-unnary Organs — ^The kidneys are usually swollen, hyper- 
semic and show cloudy swellmg Acute nephritis is a fairly common com- 
plication 

Symptoms — Incubation — ^This is usually considered to be between 
eight and twelve days but limits of four to fourteen days have been observed 
The instances given of very short incubation periods are doubtful As a 
rule durmg this period the patients are free from symptoms, although there 
may be some mdefinite discomfort with slight headache and fever 

Onset — This as a rule is very abrupt with headache, general pams and 
frequently one or more chills or occasionally chilly sensations only With 
the sudden onset there is usually high fever and great prostration, often so 
marked that it is rare to see a patient who has kept about longer than the 
second day, while the majority give up on the day of onset The chill may 
be repeated and there may be nausea or vomiting The general appearance 
at this early stage is often suggestive, the expression is dull and heavy with 
the face very red and the conjunctivfe showing marked congestion The 
tongue is dry and tremulous The temperature usually rises rapidly and 
may reach its maximum on the second or third day With this there may be 
very severe headache but the patients rarely have much delirium, although 
they may show the ordmary febnle confusion In very severe infections or m 
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alcoholics there may be delirium almost from the onset The pulse is usually 
rapid and by the second day may ha\e leached 120, but it is rarely dicrotie 
The abdomen sIioms no speeial features e\cept that the spleen is generally 
found to be enlaiged veiy early 

About the third to the fifth day the eiuption appeals, first on the abdomen, 
then on the chest and shoulders, then oicr the back and extremities The 
face becomes leiy much icddened and swollen but larely slioivs the char- 
acteristic ciuption and the palms of the hands and the soles of the feet 
usualb escape also The rash usually rcquiies fiom forty-eight to seven ty- 
tvo hours for its full development During this period of the disease the 
patient usuallj’^ shovs -ver} marked mental distuibances and the delirium 
IS often of a % lolent type The patient may be quiet or talk and gesticulate 
vhen he is excited At this time he should be watched very caiefully as he 
may 3 ump out of bed and endeaioi to escape or attack the attendants 
During this pciiod the eiujition changes, a certain number of the spots 
becoming petechial, and v itli this the eruption becomes much more prom- 
ment and has a duty, bluish coloi If vith this theie be extensive sub- 
cutaneous hemorrhages, the skin assumes a cuiious dusky appearance, 
V Inch is usually seen about the beginning of the second week Aftei this the 
picture changes somev hat, the patient becomuig very v eak, apathetic and 
lying in stiipoi or coma vigil There may be difficulty in sv allowing and 
incontinence of urine and faiccs 

Throughout the attack the terapeiature continues high, bemg ordinaiily 
about 104° to 105° The pulse is usually fiequent and toy ard the end of the 
attack becomes small and veak In raie cases the pulse rate is low, which 
IS regarded as a grave sign Toy aid the latter part of the second y eek, if 
the patient recovers, the fei er disappears This may be anjxvhere between 
the tenth and fourteenth day but as a rule is most common from the tenth 
to the twelfth Despite the usual description of the termination being by 
crisis, if the records are carefully examined it will be seen that in the majority 
the termination is by lysis and occupies about two days There are, ho\v- 
ever, certain instances ydiere the teimination is by a definite crisis A def- 
ervescence ydiich lasts foi foui oi five days should always suggest some 
complication 

Toward the end of the disease the enlargement of the spleen disappears 
and the skin lesions, ynth the exception of the petechue, disappear before the 
defeivescence The petechial lesions usually shoy'^ desquamation and 
remain as broym oi yelloy' spots With the termination of the fever the 
skm becomes moist, there may be profuse sweatmg, the state of the mouth 
improves and the voice returns to its noimal character Recovery is often 
very rapid and the patients may have a ravenous appetite immediately after 
defervescence 

As in all infectious diseases, there are atypical and mild attacks The 
older ywiters described various forms from the predominant symptom 
There may be abortive or ambulatory attacks Death may come in the first 
y'eek with very severe toxaimia, but as a rule occurs after the tenth day 
and IS usually due to toxaamia It is rare for death to occur after the sec- 
ond y^eek Certain special features may be discussed m some detail 

Temperature — ^This usually rises very rapidly, may be at 104° on the 
evening of the fiist day and reach the maximum on the evening of the second 
day The remissions are usually slight and the curve sho^vs little change 
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until the latter part of the second week, when it begins to drop m the evening 
In certain cases there may be a drop at the end of the first week but this is 
not constant In the milder cases remissions may occur in the second week 
and at times precritical drops, analogous to those sometimes seen in pneu- 
monia, aie not uncommon 

Defervescence — This occurs usually from the twelfth to the fifteenth 
day, larely being prolonged to the sixteenth or seventeenth The tempera- 
ture curve IS much like that of the onset and may be with a very sudden 
drop of perhaps eight degrees m a few hours, but in the majority it occupies a 
period of about two days In some cases with a comparatively mild course 
defeivescence has been very protracted, or m mild cases the temperature 
may show many variations Defeivescence may occur about the end of the 
first week or be unduly prolonged In certain of the fatal cases theie is a 
very high temperature before death, Avhile in others there is a fall to below 
normal, usually associated with a i^ery rapid pulse and great prostration 

The Rash — ^The study of this is most important, as on it m many cases the 
diagnosis must rest and it is piactically the only characteristic sign Many 
names have been given to it, Murchison quoting nineteen The eruption 
may appear from the second to the seventh day but most commonly on the 
fourth or fifth, and this may vary in different epidemics An erythematous 
rash has been described as occurrmg before the typical one The eruption 
consists of ti\o elements, — first, a rash much like that of measles, and 
second, the characteristic petechial eruption of the disease The first may 
appear before the roseola or with it and is especially likely to occui on the 
chest and abdomen, foreaims and legs It has been termed a mulberry rash 
and presents a dusky red mottling, which has been described as seeming to 
be below the surface of the skin It may disappear before the end of the 
attack The specific roseolous rash usually appears fiist on the abdomen 
and then about the chest and shouldeis After this it appears on the extrem- 
ities, while the eruption on the trunk continues to increase in number The 
whole rash is usually out within forty-eight horns and a second crop is 
practically unlcnown The face rarely shows the eruption The number of 
spots IS very variable and apparently bears no relation to the seventy of the 
attack, as m severe cases the rash may be very scntay As a rule three 
distinct stages may be observed, — ^first, a simple hyperiemia, second, a 
stage when hemorrhage is occurring into the eruption, and thud, typical 
petechias The fresh spot is a pale red macule which disappears entirely on 
pressure and as a rule is not raised so much as the rose spot of typhoid fever 
The color is usually pale, the outlines are more or less iriegular, and in 
dark-skinned individuals they may be very difficult to recognize It is almost 
impossible to distmguish them by artificial light The eruption may not 
develop beyond this stage but disappear entirely Should death occui at this 
time there will be no lemams of the rash on the cadaver 

In the next stage the spots become darker, have a dirty reddish color and 
do not disappeai entnely on pressure This is due to the deposition of blood 
pigment, winch usually begins at the centre and extends to the periphery of 
each spot The number of spots which undergo this transformation vanes 
very much in different patients, there may be only a few or they may be so 
general that they give a curious appeal ance to the patient These areas are 
often most numerous in the inguinal region and over the back The hemor- 
ihagic change vhich occurs in the roseola must be distinguished from an 
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additional petechial eiiiption, ^aIucIi is exactly comparable to what may 
occur 111 other infections These petcchue are likely to appeal in the latter 
part of the disease and if abundant are of grave impoit They are analogous 
to the hemorihagic eruption vliicli may occui in measles Curschmann 
states that a slight hemoirhagic eruption occurring m alcoholics is not 
especially important 

The duration of the h^'peraemic eiiiption is short If there be no hemor- 
rhagic change, the spots usually disappear by the second oi thud day, and if 
the hemorrhagic change is slight the spots peisist for fiom foui to six days 
When the typical eiuption is present the duration is usually from seven to 
ten days but a ceitain amount of pigmentation may persist for some time 
afteiward 

Theie are certain other conditions which are of interest Among these is 
a miliary eruption, which may be present late in the attack and is of no 
special significance As a lulc distinct desquamation is seen after this but it 
may occur without the presence of sudamina and is compaiable to the 
desquamation not infrequently seen in typhoid fevei Herpes may be present 
and Curschmann noted them m 5 per cent during one epidemic Boils are 
not common and the period of fcAer is usually not long enough for bed-sores 
to appear In seierc attacks, particularly if thcie has been marked hemor- 
rhage into the skin, there may be areas of necrosis and sloughing Gangrene 
has occurred m rare instances Sw eating may occur tow'ard the crisis but 
IS not often profuse A peculiar odor of the skin, the description of which 
IS much like that in typhoid fevci, has been noted by some w ritcis but is not 
yery common Some of the older w liters commented on the special dangei 
of infection when there was a maiked odor picsent 

The Nervous System — ^The symptoms due to involvement of the nervous 
system are important, for there are few patients who have not symptoms of 
some disturbance These must be interpreted as due to toxiemia, for organic 
changes m the nervous system are lare and the fever alone wnll not account 
for them, as m some patients they may continue after this has disappeared 
Headache is very common, almost constant eaily in the attack, and with it 
there may be vertigo and general pains throughout the body and extremities 

The psychical disturbances are a cry interesting At the onset the mental 
condition is usually cleai, although the patients may be rather dull and show 
slow cerebration Insomnia is common and if the patients fall asleep they 
are likely to be disturbed by troublesome dreams As the disease progresses, 
and usually m the second half of the first wmek, the mental features become 
more marked This may be in one of two ways, — either violent delirium or a 
condition of marked apathy or almost coma The delirium is of rather a 
characteristic type It is violent and they seem to suffer from hallucinations 
W'hich are sometimes of the most terrifying kind The patients are usually 
veryrestless and may become violent, requirmg to be watched very carefully as 
there is no knowing at what moment they may become maniacal and do harm 
to others or to themselves Thus one patient m this clinic suddenly jumped 
out of bed, overpow'ered the orderly and put his fist through a strong ware 
screen over the window, cutting his arm severely The appearance of the 
delirious typhus fever patients is often characteristic and m marked contrast 
to the delirious typhoid fever patients They are curiously alert, seem to be 
wa^hmg w'hat is going on around them, frequently try to get out of bed, and 
With the flushed face and bright eyes present a striking picture If the hal- 
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lucmations are of the terrifying kind the patients may be extremely noisy and 
restless The onset of severe delirium early m the disease is of bad omen 
The other type is that m which coma predominates The patients are much 
prostrated, he quietly m coma vigil, taking no note of their surroundings, 
and as a rule are in a dangerous state With this there may be marked 
tremor, a rapid, feeble pulse, and m some instances the patient is practically 
m collapse This condition of coma may be present after the temperature 
has become normal 

Tremor is one of the common severe manifestations and may be only slight 
or so general and severe that it suggests a convulsion Subsultus tendinum 
with picking at the bedclothes is common Actual convulsions ha\e been 
noted Naturally these severe nervous manifestations are associated with 
a grave prognosis In some cases there have been tonic contractures and 
at times muscular cramp may be very distressing Sensory disturbances are 
sometimes troublesome at the onset and may also occur in convalescence, 
the descriptions of some writers suggesting a condition resembling the 
“tender toes” of typhoid fever Organic changes in the nervous system are 
not common, although meningitis has been reported Hemiplegia has 
occurred but is rare and is due to menmgeal hemorrhage or to embolism 
or thrombosis Neuritis may occur but is evidently not common 

Special Senses — The characteiistic appearance of the eyes due to the 
injection of the conjunctivie has been noted Hemorrhages into the con- 
junctivse may occur m severe attacks and in some patients with marked 
coma vigil there may be ulceration Disturbances in hearing, especially 
deafness, are not uncommon and apparently largely due to hyperiemia, 
otitis media may occur 

The Respiratory Organs — Epistaxis has been noted early m the disease 
A catarrhal condition of the nose and pharynx is very common at the onset, 
frequently extends dovm the trachea and bronchi, and sets up an irritative 
cough with vhich there may be verj'^ little expectoration Accompanying 
this there is often some change m the voice, the hoarseness bemg associated 
with the catarrhal condition While this may clear up entirely, yet in a 
certain number of cases more serious changes may occur, such as eiosions 
and fissures, which gradually develop into extensive ulceration Following 
this, ulceration of the cartilages often occurs and in some instances there 
may be serious oedema These conditions are always of grave import, both 
on account of the local condition and the danger of pulmonary infection, 
while, should the patient recover, permanent changes in the larynx are 
common In the lungs there may be bronchopneumonia, hypostatic con- 
gestion or lobar pneumonia, all of which are serious Pleurisy occurs not 
infrequently and if with pneumonia, empyema may follow 

The Circulatory System — The changes here show no special peculiarity 
With the severe toxaemia there may be myocarditis and some dilatation 
The pulse early m the disease is usually rapid, small and of low tension 
Dicrotism is rare In the second week the pulse becomes small and at times 
irregular A slow pulse rate is occasionally seen The heart sounds show 
considerable change, the first becoming much like the second and later in the 
attack disappearing entirely 

The red cells are said to be usually increased in number Leukocytosis 
generally occurs Love reports the average for 26 cases as 24,000, with an 
increase specially m the polymorphonuclear cells He noted that m the 
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blood of the fatal cases no eosinophiles were present but they were never 
completely absent in the blood of the non-fatal ones and considers that the 
absence of eosinophiles does not necessarily mean that death follows but 
does mean a grave prognosis Li the non-fatal cases there was usually a 
slight mcrease m the large mononuclear elements There vas usually an 
mcrease m the leukoc} tes after the ajipeaiance of the eruption In the four 
cases m the Joluis Hopkms Hospital there v as leukocytosis in all, the average 
of the highest counts being 22,000 The liighest count of 32,000 was shortly 
before death m a patient v ho at death liad a normal tempeiature After the 
attack there may be a slight anaemia 

The Digestive Tract — The tongue is usually furied, and as the disease 
progresses, it and the lips are likel}' to become fissured and covered v ith 
sordes In severe attacks it is almost impossible to avoid diyness of the 
mouth and deposits of mucus and crusts may be found over the soft palate 
and tonsils Gastric distuibances do not often occur The bowels are 
usually constipated, although there may be diarrhoea If the rash be of 
marked hemorrhagic type it is quite possible that there may be hemorihage 
into the intestine v Inch may gn e some bleeding from the bov el, but such 
cases are rare Jaundice has been noted during the second week, probably 
tovic and analogous to that seen in many other infections There is usually 
bile in the stools 

The Gemto-XInnary Organs — Changes in the kidney are such as may 
occur m any acute febrile disease and albuminuria is common, usually 
appearing about the third or fourth day and lasting until defervescence 
In rare cases there may be a definite nephritis, which is always serious 
The diazo reaction is obtained in a considerable number of cases Retention 
of urine is said to be uncommon in males but quite common m females 
Orchitis IS very rare hlenstruation is usually suspended during the attack, 
although occasionally it may occui with the onset Pregnancy does not 
afford any protection against the disease, but the danger of abortion is 
probably less than in any other severe acute disease and it is less likely to 
occur during the later months of pregnancy In some instances when preg- 
nancy has been interrupted there has been considerable danger from uterine 
hemorrhage 

Variations in the Disease — ^There may be great variation from the 
usual course, as is true of all the acute infections Thus mild attacks occur 
and the patient goes through the disease without any serious features In 
others the attack may be both mild and short so that their recognition offers 
great difficulty Curschmann describes a certain group of abortive cases 
vhich begin with severe symptoms, the temperature being high at first and 
then falling rapidly Somewhat like these is a group of cases seen especially 
in physicians and nurses who are handling patients with the disease, in 
whom there are symptoms suggestive of a slight toxaemia They usually 
recover quickly as soon as they are removed from contact with the patients 
Ambulatory cases are said to occur, but when one remembers the usual 
seventy of the attack these must be rare as compared with typhoid fever 
Malignant attacks are seen, especially in epidemics, with death on the 
second or third day Hemorrhagic cases occur as m the other acute infec- 
tions 

Sex does not appear to make any special difference except that males are 
more hkely to have a severe infection and furnish a larger proportion of 
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alcoholics Typhus fever m childhood is not very common and the course of 
the disease is usually milder, the majority terminate betv een the eighth and 
the twelfth day, and the death-rate is much lower than m adults Convul- 
sions are not uncommon at the onset and the nervous symptoms are apt to 
be especially marked In advanced life the disease is serious, especially m 
patients over fifty, the danger bemg from cardiac weakness and the tendency 
to pulmonary complications 

Relapse — This is exceedingly rare and for ordinary purposes the pro- 
bability of its occurrence may be disregarded Among 18,268 cases m the 
London Fever Hospitals there was only 1 case of relapse It has been 
pointed out that a genume attack may follow an abortive one 

Association with Other Diseases — ^There are rare instances in which 
typhus fever co-exists with one of the acute exanthemata, but some of these 
may be instances of the rapid succession of one infection after the other 
A point of interest is the possibility of typhoid and typhus fevers occurring 
together There are some instances of a patient with typhoid fever being 
sent by mistake into a typhus ward and contracting the disease Diphtheria 
may co-e\ist, but m the absence of definite bacteriological findings the 
diagnosis is doubtful, owmg to the frequent occurrence of membrane over 
the pharynx m typhus fever Relapsing fever and tj'phus fever have been 
noted as co-e\istmg Tuberculosis, especially the acute miliary form, may 
be present with typhus fever and it is possible that the latter hastens the 
development of the tuberculosis Patients with chronic tuberculosis may 
contract typhus fever just as any one else Curschmann considers that 
chronic alcoholics are prone to contract the disease and that the course is 
usually more severe, as they are especially apt to show severe nervous 
manifestations, while cardiac failure and renal changes are common As 
might be expected debilitated persons stand an attack badly, and fat persons 
are usually bad subjects 

Convalescence — This is usually rapid and the patients are often hungry 
soon after the temperature becomes normal As a rule the nervous symp- 
toms disappear with defervescence, although delirium or mental confusion 
may peisist for a few days Some apparently continue to be troubled by the 
hallucinations of the delirium True psychoses are rare Hemiplegia and 
paralysis do not often occur Subnormal temperature is very commonly 
present during the first week of convalescence and the pulse may continue 
rapid, bradycardia sometimes occurs Neuralgia is said to be fairly com- 
mon Following laryngeal ulceration, infection of the lungs may occur, or 
there may be permanent local damage 

Prognosis — In slight epidemics the death-rate may not be higher than 
10 or 15 per cent , while under unhygienic conditions it may rise to 20, 30 or 
even 50 per cent In hospitals during epidemics the average mortality is 
from 20 to 25 per cent Murchison’s series of 18,592 showed a mortality of 
18 78 per cent The effect of age is marked, thus in children below the age 
of five years the death-rate is high but from ten to fifteen years is low, while 
over the age of fifty it is high The position m life influences the mortality, 
for those vho ha-\e been living under poor conditions of sanitation or m 
crowded surroundings are more likely to die Alcoholism is a serious feature 
m the prognosis The influence of overexertion is of interest, for m epidemics 
a laio-e proportion of the physicians, nurses and attendants v ho take the 
disease die of it The mdividual exhausted by hard work probably has less 



TYPHUS FEVER 


241 


resistance The conditions under %\hich the patients are treated influence 
the mortality The death-rate is lowxi if they can be removed from unsani- 
tary surroundings to a good hospital The amount of aii-space given to each 
patient materially affects the outlook 

As in all infections there are certain groups of cases which differ from the 
ai erage in prognosis Thus the form of severe infection spoken of as typhus 
sidcrans is almost always fatal, death occurring by the third or fouith day 
and perhaps men before the rash is completely out The hemorrhagic form 
usually ends fatally, although if the hemorrhagic process makes its appear- 
ance late, the prognosis is more faiorable the later it appeals itli hyper- 
p>Te\ia the prognosis is usually glare, although a hi^h temperature early m 
the attack is not of especially bad omen but its persistence is seiious The 
condition of the circulation is important, the pulse is rapid eaily m the 
disease as a rule, but if v itli this it be soft and easily compressible or ii regular, 
the outlook is grar e The appearance of pulmonary complications is serious, 
especialh m the older patients and with evtensne bronchitis there is alvaj's 
the danger of bronchopneumonia In the digestive tract one of the most 
serious conditions is nietcorism A diminished amount of urine or the 
prc-cnce of rery large amounts of albumin and especially the onset of an 
acute nephritis are of serious import The carh onset of severe ncrious 
manifestations is a graie matter, vhile coma Mgil vith much muscular 
tremor means severe intoxication Many v ritcrs have stated that marked 
contraction of the pupils is a serious sign As regards the character of the 
rash, leaving out the cases vliich are of the hemoiihagic type, there is little 
to be said Gangrene is alv ays a ^elJ serious condition Curschmann lajs 
emphasis on diffuse cyanosis of the face and hands as being a giave sign 

Diagnosis — In an epidemic this is likely to offer Comparatively little 
difficulty, but when cases arise sporadically, it is well to remember that 
immediate recognition may be ^ely difficult, as is likely to be true of any 
acute infection which the piofession has had little opportunity of seeing 
We know the difficulty which is often found m recognizing smallpox at the 
onset, particularly in a somewhat at'i pical case, by those who are unfamiliar 
vith it That there may be difficulty even clurmg an epidemic was well 
sliovm m New York in 1881, when a large number of patients vith other 
diseases were sent to the Typhus Fevei Hospital A recent instance occurred 
in London where three patients with typhus fever weie sent to a fever hospital 
with the diagnosis of tj^phoid fever The mistake of considering other dis- 
ease to be typhus fever is most likely to be made during epidemics, with 
spoiadic cases or the early ones of an epidemie we are more likely to make 
the opposite erroi and mistake t}^hus fevei foi some other disease 

Diagnosis at Onset — The onset may offer points of resemblance to several 
of the acute exanthemata, especially smallpox, scailet fever and measles 
ilelapsing fever, meningitis and septicmmia may also give difficulty In the 
acute exanthemata we may have the same sudden onset with a rapidly 
rising fever, severe headache and marked prostration, and until the eiuption 
appears it may be impossible to make the diagnosis In the recognition of 
smallpox, the occasional, early scarlatimform rash is important, while the 
c laractenstic rash of smallpox usually occurs on the face early in the attack, 
IV iile in typhus fever the face is usually but little involved The drop in 
emperature with the appearance of the rash m smallpox may be of assis- 
ance There may be special difficulty m the differentiation of the hemor- 
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rhagic form of typhus fever from the similar form of smallpox, as cither may 
end fatally before the characteristic rash is fully developed There may be 
the same difficulty in distmguishmg the disease from scarlet fever or measles 
The charactenstic appearance of the tongue, on which so much stress is laid 
by McCollom, may oe of help as regards the former, ivhile the early coiyva, 
bronchitis and ICophk’s spots would assist m the recognition of measles 
In all these cases the history and the possibility of exposure to any infection 
must be considered, but the greatest difficulty arises when no help is obtained 
from these In any such doubtful case the physician must recognize that 
care should be exercised before a positive diagnosis is made and that in 
certain instances it is necessary to ivait No man may be able to make a 
diagnosis until after some period of observation It is evident that during 
this time the patient should be ngidly isolated 

Relapsmg fevci may cause difficulty, especially as the diseases arise under 
the same conditions, but examination of the blood and the subsequent course 
should make the diagnosis clear in a very short time The co-existence of 
the diseases has to be kept in mind Cerebrospinal meningitis may suggest 
typhus fever, especially if there be a rash with it, but the result of lumbar 
puncture will usually render its diagnosis clear Septicsemia, and especially 
the type with a latent endocarditis, may give great difficulty The result of 
blood cultures may be positive but in some cases it will probably be necessary 
to observe the patients for several days before a positive diagnosis can be 
made Plague may give difficulty and also perhaps pneumonia at an eaily 
stage Influenza may show features much like typhus fever but the absence 
oi leukocytosis should be of help Malarial fever, certain forms of puipura 
and typhoid fever with a sudden onset may all give difficulty but careful 
examinations and continued observation should soon give the diagnosis 
Uriemia, probably with a severe terminal infection, has also been confused 
with this disease It seems reasonable to conclude that Avith a sporadic case 
of typhus fever the diagnosis before the appearance of the rash will be most 
difficult and can rarely be made with any certainty 

Diagnosis in the Stage of Eruption — In typical cases this is not likely 
to offer much difficulty, Avhich is tiue of disease generally, as it is the atjqncal 
cases that give the difficulty and foi them no definite rules can be given 
The diseases which have to be especially considered are typhoid fever, 
measles, purpura and some of the other acute infections It must be kept 
m mind that the rash of typhus fever may show great variation from the usual 
descriptions and it is such cases that offer the greatest difficulty in diagnosis 
from typhoid fever The onset of tjqihoid fever is usually more gradual, 
the early symptoms very much less severe, and it is rare to have severe 
neivous manifestations early m the course The pulse m typhus fcA^cr is 
much more rapid early in the disease and is rarely dicrotic The enlargement 
of the spleen is common to the two diseases but appears early and disappears 
early m typhus fever As a rule there is leukocytosis in typhoid fcAci and 
the result of blood cultures or the Widal test may make the diagnosis positive, 
but the diazo reaction is not of assistance The eruption in typhus fevci is 
usually at first only liAqieraemic and not hemorrhagic and the number of 
areas that become hemorrhagic may be feiv, ivliilc on the othei hand a certain 
number of the rose spots m t^qilioid fever may become he morrhagic There 
aie certain distinctions in the character of the individual spots, for those of 
typhus fever are rather indistinct hyperaemic patches vffiich gradually 
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become darker and are not papulf^r, while the spots m t 3 ^phoid fever aie more 
elevated, have moderately sharp outlines and are papular The rash of 
typhus fever appears much earlier than that of typhoid fever and continues 
to appear m defimte succession so that the ultimate number is reached 
withm a few daj'S, while m tj^phoid fever the rash appears m successive 
crops Then m typhus fever the eruption is faiil}" even over the body and 
extremities and usually common on the hands and feet In tj^phoid fever 
the eruption is rarely present on the extremities and the hands and feet 
escape The general appearance of the patient is often suggestive The 
curious wild look with swollen, red face and injected eyes (sometimes 
termed the “ferret ej’^es”) of the typhus patient is in contrast to the ordinary 
dull, stupid appeaiance of the one with tj^hoid fever 

The rash of measles, especially eail}'^ in the attack, may be much like that 
of tj'phus fever, and if m the latter disease the measles-like eruption, some- 
times present, is marked, there may be great difficulty in the diagnosis 
The face is generally attacked first m measles, while as a rule it escapes m 
typhus fever The appearance of petechue should make the diagnosis clear 
Careful examination should alv ays be made for Ivoplik’s spots In measles 
with the appearance of the eruption there is usually a drop m the temperature, 
which does not occur m typhus fever 
Purpura is not likely to give difficulty for any length of time The occur- 
rence of insect bites m patients who are suffering fiom fever may cause 
difficulty, but careful exammation of the lesions will probably show the maik 
of the bite m the centre A copaiba rash has been mistaken for that of 
typhus fever Anthrax and glanders have given difficulty in raie instances 
It may not be possible to make a positive diagnosis when the patient is 
first seen Although the disease is rare, yet its possibility should be kept in 
mind when a patient is seen m an illness with an abrupt febrile onset and 
features which give difficulty m diagnosis 

Treatment — ^^Ve have two duties, one to the patient and the other to the 
community In handlmg a disease so infectious as this, every precaution 
should be taken to prevent or lessen the chance of infection The usual rules 
regarding isolation should be most rigidly carried out and wherever possible 
the patients should be removed to special hospitals In case of an epidemic 
m this country it would probably be best to treat the patients m tempoiary 
barracks or if possible m tents which should be erected m open spaces and 
away from dwellings It has been found important m epidemics to carry 
out periodical careful mspection of the most crowded districts and unsanitary 
localities m the community, for by this cases may be recognized eaily, and 
isolated Turn points seem to be especially important m limiting the spread 
of infection, — large air-space and thorough ventilation Phj^sicians and 
nurses should not be allowed to work too many hours in succession and 
should spend as much time as possible m the open air 
The most careful precautions should be earned out The room from which 
the patient has been removed should be thoroughly disinfected and the 
bedding, carpets, etc , either sterilized by steam or burned Clothing should 
be at once placed in 5 per cent solution of carbolic acid and subsequently 
boiled For the other articles ordinary rules should be applied In the 
present ignorance regardmg the mode of infection it is well to carry out 
careful disinfection of the urine and fieces, which may be done in the same 
way as foi typhoid fever After the attack, the rooms occupied by the patient 
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should be disinfected and well aired for several days The patient should be 
given warm baths for some days before discharge and be sponged with some 
antiseptic solution, especial attention bemg given to the head The bodies of 
those dead of typhus fever do not seem especially dangerous but should be 
wrapped m a sheet vrung out of a 5 per cent solution of carbolic acid 
There does not seem to be any great danger of infection in handlmg the 
bodies or doing autopsies 

We have no specific treatment for the disease We have to deal with a 
severe toxiemia and with certain complications, especially of the respiratory 
tract and circulatory system, which are to a considerable degree secondary 
to the toxicmia Consequently our endeavor must be to keep the patient m 
the best possible condition, nourish him as well as we are able and favor the 
elimmation of toxms The patients should be put to bed at once and kept 
absolutely at rest The diet should be fluid, milk and its modifications, 
albumin water, broths and eggs may all be given It is probably well to feed 
at frequent, regular intervals and care should always be taken v ith those 
who are dull and stupid that food does not pass down into the respiratory 
tract Large amounts of water should be given and the endeavor made to 
increase the urine to seveial liters a day The administration of alcohol 
should be governed by the condition, for with marked toxaemia and great 
prostration alcohol is useful, and in such cases is probably best given as 
whisky m large doses 

Hydrotherapy, if possible m the form of the tub bath, should be carried 
out as m typhoid fever In severe attacks it is well to give the tubs at a tem- 
perature of 70° F In the patients v ith maiked nei vous s}Tnptoms it is well 
to use cold affusions to the head during the baths and an ice-bag or cold 
cloth should be kept constantly applied at other times The use of anti- 
pyretic drugs does not seem wise Delirium may require treatment and 
while the baths are usually the best means of combating this, it is some- 
times difficult to give them In this event one may have to substitute 
packs or sponges Delirious patients should be constantly watched With 
marked delirium, seiere headache, or insomnia, it may be well to give 
bromides and opium, but in severe cases it is probably better to use mor- 
phia hypodermically In the respiratory tract, careful attention should be 
paid to the condition of the nose and mouth and they may be irrigated or 
washed ivith an alkaline antiseptic solution If signs of laryngeal involve- 
ment appear, the patient should be carefully v atclied so that if oedema 
of the glottis comes on, it may be lecognized at once and tracheotomy done 
The patients should be kept turned from side to side as much as possible 
to lessen the danger of hjqiostatic congestion If there be failure of the 
circulation, strychnine may be given hypodermically (gr ^ to is, gm 
0 0015 to 0 003), digitalis, perhaps best in the form of digitalme hypoder- 
mically (gr ^^( 5 , gm 0 002), and camphor hjqiodermically (gr ij, gm 0 IS), 
every two to four hours Caffeine is also recommended Conditions m the 
other organs must be treated as they anse The bowels should be kept open 
by simple purgatives 

Convalescence is usually rapid but it is probably wise to keep the patient 
m bed foi a week after the temperature is normal If the pulse continues 
rapid or very slow, great caution is adnsable and the patient should be kept 
quiet for some time, as m such cases theie is always the danger of syncope 
The return to work must be governed by the effects of the attack and the 
seneral condition 
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RELAPSING FEVER 
By THOJIAS McCRAE, M D 

This is a specific infectious disease/ usually occurring in epidemics, and 
caused by a spiiocluete (knowm as the spirocluete or spirillum of Obermeier) ' 
The attack is characterized by fevei, which usually lasts about si\ days, fol- 
lowed by a remission of about the same peiiod, and then by a second attack 
of fever, and m some instances by a thud, fourth, or even fifth 
Historical — ^Long confused with other diseases, especially typhus and 
tj’phoid fevers, it was only in the early part of the last century that it was 
definitely recognized The descriptions given by Rutty of epidemics m 
Dublin, m 1739-41, were probably of this disease The distinction was 
probably first made m Ireland, m 1826, although m the epidemic of that 
date it was usually regarded as a mild form of typhus fovei In the ne\t 
epidemic, in 1842, its character istics were pretty clearly recognized, and 
Henderson, of Edinburgh, nr 1843, held that the disease must be distm- 
gmshed from typhus fever Jenner (1849-51), and Murchison (1862), 
separated the disease and described its distinguishing features In 1851 
Gnesinger observed the disease m Egypt, and described certain forms of it 
under the term of “ bilious typhoid ” In 1873 Obermeier discovered the cause 
of the disease, and since then there has been no confusion m its recognition 
The disease has not been specially prevalent in Europe, although there were 
epidemics m Silesia, in 1848, in Russia, m 1863-64, and in Germany, m 1868 
It has always been most prevalent m Great Britain, and especially in Ireland 
In London it existed from 1869-71, probably having been introduced by 
Poles from Southern Euiope In Ameiica there have been few epidemics, 
in 1844 it was introduced into Philadelphia, probably by Irish immigrants, 
and the same source ivas responsible for epidemics m 1869, when the disease 
appeared in Philadelphia and New York However, it never showed any 
tendency to spread among the American population 

It has ocemred m Egypt and m other parts of Africa, but is much more 

E revalent in India, W’^here there have been many severe epidemics There 
ave also been cases in the Pliihppines 

Etiology — ^The conditions under which relapsing fever occurs are much 
like those favoring typhus fever Poverty, overcrow'dmg, deficient nounsh- 
ment, and bad sanitary conditions, favor outbreaks The contagion is com- 
municated from one individual to another, and apparently this is by means 
of bloodsucking msects, ticlis, etc , in some cases, at least If the disease 
spreads from one distnct or country to another this is usually along the Imes 
of travel During epidemics the physicians and nurses have been very 

'"There are interesting papers by Carlisle, Norris, Paphenheimer and Floumey, 
and I\o\’y and Knapp, in the Journal of Infectious Diseases, iii, 1906, No 3 
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frequently attacked There is some evidence to show that infection may 
be conveyed by fomites, as clothing seems to have been the agent in some 
instances, and it has been noted that those handling the soiled linen may 
contract the disease There are instances of the disease having been con- 
tracted by the handling of the bodies of those who have died of it Season 
and climate do not seem to have any special influence Any age may he 
attacked, but the majority of patients are between fifteen and twenty-five 
) ears Sex does not seem to have any special influence except m so far that 
beggars and vagrants are more likely to be males One attack does not 
give immunity 

The speciflc cause is the organism first described by Obermeier, of Berlin, 
in 1873, although he had observed it m 1868 It is often spoken of as a 
spmllum, although the term spirochiete is also used This is a delicate, 
' colorless, spii ally-twisted organism like a fine thread of fibrin, its length 
being usually from two to slx times the diameter of a red blood corpuscle 
They may be found isolated or collected together m masses which have 
various appearances, and have apparently almost plugged the veins in some 
cases It IS apparently never quiet, and the motion is made up of rotation 
on the long axis, progression backward or forward, and the lashing move- 
ment When found in the blood, it is easily seen movmg about among the 
red corpuscles No definite structure can be made out, although m some 
instances a granular or beaded appearance has been observed These have 
been interpreted as spores, but are probably not Cilia have been described 
by some authorities Its presence m the blood is usually coincident with the 
attack of fever, and it usually disappears shortly after the crisis, although 
there are some variations, and it may be present m the blood after the crisis 
The number of spirochsete found from day to day varies greatly, and they 
apparently sometimes vary periodically As a rule they are few early in 
the attack, gradually mcieasmg in number and reaching a maximum shortly 
before the cnsis They then decrease rapidly, and soon after the beginning 
of the sweating with the crisis have completely disappeared The same con- 
ditions usually prevail in the relapse The cause of the rapid disappearance 
of the organisms is unloiowm, high fever, phagocytosis, distinction in the 
spleen, and by bactencidal action, the development of a germicidal sub- 
stance which inhibits their increase and finally causes their destiuction 
They do not seem to live long at the temperature of the blood, but much 
longer at a temperature of about 70° Attempts to grow the organism on 
artificial media have not been successful Novy and Knapp' have used 
collodium sacs filled with uncoagulated rat blood which were inoculated 
and then placed in the peritoneal cavities of rats In these the spirilla 
increased in numbers, which suggests that they can multiply without any 
intracellular stage The disease can be conveyed to another individual by 
inoculation v ith the blood of a patient taken dunng a paroxysm, and it has 
also been produced m monkeys by the same method Certain insects, such 
as bedbugs, may suck out the spinlla, and m this way the disease has been 
given to monkeys hlice and rats are susceptible to mfection, rabbits and 
gumea-pigs are resistant 

It is possible that the disease may be caused by different vaneties of 
spinlla Noty and Knapp suggest that there are probably three relapsing 

^Journal of the American Medical Assoaation, Vol xlvii, 1906, p 2152 
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feveis m man The African form or tick fever is due to the Spnillum 
dnitom The eastern and American forms inaj^ be due to difterent organ- 
isms Novy and Knapp favoi the bacteiial rather than the protozoal 
nature of the spii ilium, vhich name they also prefer to spirochieta 

Pathology — ^Theie do not appear to be any characteristic findmgs m 
patients dead of the disease The slcin is sometimes yellowish m color, and 
may show petechiaj If death has occuri ed directly fi om the infection the usual 
signs associated with death from an acute febiile disease may be found 
The spleen is usually gieatlj’’ enlarged, even to five or six times the normal, 
generally soft, and sometimes contains infarctions The organisms may be 
found m it The kidney, as a rule, is larger than noimal, and the renal 
epithelium shows cloudy swelling The changes of cloudy swelling may 
also be found in the liver, and the stomach and intestine may show catarihal 
inflammation The bone-marrow may show hyperplasia In the bodies 
of those vho have died fiom complications, othei lesions have been found, 
as, for example, pneumonia and pulmonary gangiene The spleen has some- 
times been found ruptuied, or an mfaict may have broken dovm and set up 
peritonitis The lesions of d^^sentery, which m some epidemics is a frequent 
complication, may be found 

Symptoms — ^The period of incubation seems to be very vanable Some 
wnters have reported instances of very shoit duration, while as long as four- 
teen days has been given, the average is probably from five to seven days 
The aveiage in animal moculation expeiiments vvms ninety hours During 
this period theie are usually no symptoms, perhaps, exceptionally, general 
malaise The onset is usually very abiupt and is commonly with a chill, 
W'hile m young patients there may be vomiting or convulsions There is 
generally a great deal of headache and giddiness, with pains through the 
body The temperature rises rapidly and soon leaches 104° to 106° F The 
pulse IS almost alw^ays rapid, ranging between 110 and 140 The general 
condition rapidly grovv's worse and the patient usually goes to bed on the 
first or second day As a rule the appetite is lost, though this is not invari- 
able, great thirst is usually present The headache continues and there 
may be maiked insomnia Gastric symptoms vary considerably, in some 
there is nausea and vomiting of greenish fluid, while pain with tenderness 
on pressuie is often found m the upper abdomen The hvei is usually some- 
w^hat enlarged, and the spleen markedly so, the edge often projecting below 
the costal margin, both may be tender Jaundice is not infrequent, usually 
appearing about the third or fouith day, its frequency varies greatly m 
different epidemics As a rule there is bile present in the teces There is 
often a polymorphonucleai leukocytosis 
The face is flushed and the eyes injected, but dehnum is rare, and the 
expression is usually natuial Severe muscular pam is fiequently present 
Rashes occur occasionally, herpes have been noted, and rarely a roseolous 
or mottled rash something like that of measles Sudamma may be present 
in large numbers, and petechiie are not uncommon As a rule the skin is 
very dry, some patients have profuse sweating vvRich may last for hours 
In an ordinary attack the condition changes but little for about a week The 
pulse and tempeiature remain high, the patient suffers from sevmre headache 
and pains through the body, and is often troubled with sleeplessness There 
may be slight dehnum toward the end of the first week Usually on the fifth 
or seventh day there is a sudden subsidence of the fev^er This may occur 
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as early as the third day or be delayed until the tenth The crisis usually 
appears at night, and ]ust before it there may be temporaiy delirium, epis- 
taxis, oi diarrhoea, but the most constant feature is profuse sweatmg With 
this the temperatuie falls to normal m a few houis, and may drop from 
eight to twelve degrees With this the pulse drops to a normal rate and the 
pain disappears, pseudocrisis is sometimes seen During the cnsis or 
shortly before it the spirochsete usually disappear from the blood 

For a short time after this, the patient may feel rather exhausted, but as a 
rule strength is quickly regained, and he may insist on going back to woik 
The temperature for two or three days is usually subnormal, and the pulse 
sometimes drops below the usual rate After a week or even twelve to fifteen 
days of normal temperature, the second attack usually comes, although m 
some epidemics 30 to 40 per cent of the patients had only one attack The 
second attack is usually shelter than the first, although in some tlief relapse 
IS worse, especially if the first has been very mild The spirocluete reappear 
in the blood If the second attack has been severe it usually terminates by a 
crisis just as the fiist After this the patient usually passes on to complete 
recovery, but sometimes there is a third attack, or even a fourth or fifth 
As a rule convalescence is sIoav and strength is regained very gradually, 
but this depends largely on the number and severity of the attacks 

Complications are not very common, pneumonia bemg the most frequent 
In cases with severe jaundice, the patient may sink mto a typhoid state and 
gradually die It was to such that Gnesinger gave the name of “bilious 
typhoid ” The occurrence of jaundice varies greatly m different epidemics 
Hemorrhage from the stomach occurs, and in some instances the very large 
spleen has ruptured, m otheis an mfaict of the spleen has broken down 
and set up peritonitis Dysentery occuis in some epidemics, and may prove 
fatal Acute nephritis has been observed Wdien the disease occurs m a 
piegnant woman, delivery almost always occurs, although this may not be 
until the relapse If the pregnancy has been advanced and the child be alive 
at birth, it usually dies Inflammatory parotitis or adenitis has been noted 
in some epidemics Ophthalmis has occuiied Complications m the nerv- 
ous system aie not common, hemorrhagic pachymenmgitis has been ob- 
served, and paralyses may occur Aftei the disease is over there may be 
much trouble from articular pains, and effusion mto the joint has been seen 
Ophthalmia when it occurs is usually a sequel, this usually affects only one 
eye, and sometimes results m loss of sight Relapsing fever may co-exist 
with other diseases, such as malarial, typhoid, and typhus fevers, diphtheria, 
smallpox, measles, and scurvy 

Relapsing fever, as a rule, is not very dangerous, Murchison estimated 
the mortality m Bntam and Ireland as about 4 per cent , but m India Carter 
has stated that it sometimes nses to 10 per cent In one epidemic in St 
Petersburg the death-rate was 12 pei cent Death from the disease itself 
may be owmg to the seventy of the toxaemia or to sudden collapse, very often 
at the time of crisis, as is especially apt to occur m older people Apart from 
this, death is usually due to one of the complications, such as pneumonia 

Diagnosis — ^Tlns is likely to present difficulty only early m the attack, 
but the sudden onset, high fever, rapid pulse, the rapid increase m the size of 
the liver and spleen, and the general musculai pains, should be suggestive 
Duiing the first forty-eight hours it may present features like many of the 
other acute mfections, especially typhus fever and smallpox, while mistaking 
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it for tj^ilioid fever is a possibility In otliei instances it may be confounded 
Midi yellow or malarial fevei It jamidice be frequent theie is a possibility 
of mistaking it foi Weil’s disease Duiing the couise, liowevei, tlieie should 
be no difficulty whatever, as the examination of the blood should show the 
spirillum In the absence of this, tlic tjqucal relapsing charactei of the fever 
should be sufficient 

Treatment — ^Until we aie sure of all the methods of transmission, the 
patient should be isolated and the oidmary lules foi the handling of infec- 
tious diseases earned out If it bieak out m an unsanitary district the houses 
should be inspected every day to recognize the early cases As legards the 
patient, we have as yet no specific treatment noi any means of cutting short 
the fever or of preventing a relapse Quinine, arsenic, caibohc acid, prep- 
arations of chloiine, etc , have been tiled without lesults The patient should 
be put to bed, given a liquid diet, and hydiotherapy used, probably best in 
the form of sponges If the fever be very high, tub baths may be used, espe- 
cially the gradually cooled bath Duiing the fever the bowels should be kept 
open by castor oil or a mild purgative For the headache and the vanous 
muscular and arthritic pains, chloial hydrate may be given or, if necessary, 
opium Rubbing with chloroform liniment has relieved the pains m the 
limbs In patients of advanced age it is well to give stimulants, especially 
about the period of the crisis Complications should be tieated sympto- 
matically If there has been a previous nephritis it may be well to give a 
diuietic mixture thioughout, along with large amounts of water 

The African relapsing fever depends largely on the bites of ticks, and 
pitchmg camps on grounds not used before is an important prophylactic 
measure In epidemics the patients should be removed to places free from 
vermin, and every effort made to destroy bedbugs, ticks, etc , as well as to 
avoid their bites 
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SMALLPOX 

Bi WILLIAiM T COUNCILMAN, M D 

Smallpox (Latin, Variola, French, la Variole, German, Blattern or 
Pocken, Italian, Vajuola) is an acute infectious disease characterized by a 
sudden onset, an initial stage of three days’ duration which is followed by a 
cutaneous eruption of vesicles and pustules which are seated within the 
epidermis Alter recovery the seat of the cutaneous lesions is marked by 
cicatrices whose extent and depth depend upon the character of the pustules 
Variola is the most characteristic of the acute exanthemata, and in no othei 
disease in man do the various stages succeed one another with such regularity 
This IS apparent m the literature, for the clinical descriptions of the disease 
fiom Sydenham down to the present time present great uniformity, and 
there has been but little added to the description given by him two hundred 
and fifty years ago Smallpox is highly infectious, and no immunity is given 
by race, sex, age, or season Notwithstanding this, so great is the protection 
given by vaccination that a large majority of physicians have never seen a 
case of smallpox, and in civilized lands we rarely see an individual beaiing 
the cicatrices produced by the disease 

History — It is probable that smallpox has prevailed in the human race 
fiopa 1 emote antiquity The first description of the disease which leaves no 
doubt as to its nature is given in the well-known treatise by Rhazes, m the 
tenth century It is evident that he did not regard it as a new disease He 
discusses chiefly the causes and mode of treatment, and refers only inci- 
dentally to the lesions The cause he ascribes to a too rapid fermentation of 
the blood, and compares the pustules to the gas bubbles foimed m fermenting 
must His regimen and treatment are in the main good and harmless, and 
might with advantage have been substituted for the treatment followed up to 
the time of Sydenham It is, however, remarkable that Rhazes makes no 
mention of the contagiousness of the disease, nor of the fact that one attack 
confers immunity In the writings of Galen there are no specific descriptions 
of smallpox, though Rhazes assumes that he knew the disease It is possible 
that the pestilences which swept through the Roman Empire m the time of 
Antoninus (A D 160-68) were smallpox, and, also, the disease which ran 
through the greater part of southern Europe in 580 There are undoubted 
statements as to the presence of smallpox in Europe during the eleventh and 
twelfth centuries, and the tumultuous movements of the people during the 
crusades undoubtedly contnbuted to its spread 

No region can be found from which the disease originally spread and 
which can be regarded as its home There are at present regions m Asia and 
m central Africa where smallpox is endemic and uncontrolled by vaccination 
From these centres it has been many times conveyed to other lands, particu- 
larly during the slave-trade Many outbreaks of the disease in America can 
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be traced directly to the importation of i^rican negroes The conditions 
now found m cential Africa must have generally prevailed m the prevacci- 
nation period In the absence of frequent intercommunication it was possi- 
ble for the disease to become extinct in a small community Widespread 
epidemics were generally due to war or other conditions which led to in- 
creased intercommunication 

The disease reached its highest point in Europe during the eighteenth 
century No country was free from it, and with the subsidence of the 
bubonic plague, smallpox became the dominant disease In England deaths 
from smallpox formed one-tenth of the entire mortality, in France 30,000 
died of it yearly, and m Prussia alone in one year (1706) there weie 26,646 
deaths In this terrible time war, by increasing communication, by producing 
poverty followed by numbers of strolling beggars and the movement of idle 
population, was the chief cause of the prevalence War caused more havoc 
by disseminating disease than by fire and sword The period of universal 
prevalence extended well into the nineteenth century, causing great havoc, 
particularly in Russia, where the deaths have been estimated as high as 
10,000,000 The disease became preeminently one of childhood, nearly all 
adults being protected by a previous attack It attacked both high and low, 
prevailing equally in the houses of the rich, the tents of the army, and the 
hovels of the poor 

The discovery of Jenner came at the most opportune moment It is 
impossible to overestimate the influence which that has exeited in furtheiing 
civilization and the physical and moral advance of the human race Without 
vaccination and with the present mtei communication, smallpox vould be a 
pandemic raging over the entire world It would certainly still the fears of 
those who dread an excess of population At the present time the disease is 
chiefly seen m the most ignorant and wretched of the population, the strollers 
who do not acquire a residence so as to be subject to vaccination laws, and the 
criminals who evade the laws The disease is also kept up by a class of 
people who are either ignorant or have a peculiar order of mind wdnch 
renders them incapable of sane judgment and wdio seek in every way to 
oppose vaccination The saddest feature is that m every epidemic there are 
a number of unvacemated children in no way responsible, who either die of 
the disease or aie permanently disfigured 

Incidence — ^None of the acute infectious diseases shows such a complete 
independence of the conditions of race, climate, and soil, as does smallpox 
It thrives equally w^ell w'herever its contagion is carried and where it finds a 
susceptible population 

The susceptibility of the population varies During and after each 
appearance of smallpox in a community, vaccination is earned out more 
vigorously and the susceptibility is diminished or rendered ml by vaccination 
or an attack of the disease With the passing of the disease, vigilance relaxes 
and the number of susceptible individuals increases The disease is kept 
alive by sporadic cases, wdnch furnish the virus, and wnth this and susceptible 
material there wall be an outbreak There is an irregular penodicity m the 
recurrent outbreaks of the disease Thus in Massachusetts the number of 
cases fiom 1883 to 1905 were for each year as follow^s — showm by the follow- 
ing chart (Fig 13 ) 

The epidemics in the prevaccmation penod show the same irregular 
periodicity In Boston there were epidemics varying in extent in 1649, 1666, 
1678, 1690, 1702, 1721, 1730, 1752, 1764, 1788, and 1792 
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The season of the year has an influence on the morbidity and upon the 
dittusion of the epidemic Rhazes says that in Arabia epidemics occurred at 
all seasons, but generally began toward the end of autumn, or in the early 
spring, or m the cold season Hirsch gives the following table showing the 
period when the disease was at its height in 99 epidemics in Europe or North 
America of which there are accurate data 


Fig 13 
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Cases of smallpox in Massachusetts from 1883 to 1905 mm of the lines equal 10 cases 


Autumn and winter 

10 

Winter 

17 

Winter and spring 

16 

Spring 

24 

Total 

67 

Spring and summer 

7 

Summer 

14 

Summer and autumn 

6 

Autumn 

5 


Total 32 


Even here there is much irregularity In England, for instance, between 
1837 and 1840 there were in the winter 9,095 deaths, in the spnng 9,470, m 
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the summer 10,005, and in the autumn 12,483 The epidemics in America 
of 1882 and 1902 reached their greatest extension in the n inter and early 
spring The following curve shows the influence of season on the disease m 
the last outbreak in Massachusetts, from 1901 to 1903 

Fjg 14 



The dark lines represent the number of cases of smallpox in Massachusetts for each month m 
1901 1902, and 1903 The dotted lines represent the deaths Notice the great decline in mor- 
tality at the end of the epidemic 2i mm equal 10 cases 

The mortality seems to be greater during the height of the epidemic than 
at its decline, as is shown by the chart The moitality, honeier, vanes 
greatly in different epidemics, this being true both of the prevaccination 
era and non In 1901 to 1903 there n ere epidemics m various parts of the 
United States in nhich the moitality nas as Ion as 2 per cent The mor- 
tality m the epidemic seen in Philadelphia is given by Welch and Schamberg 
as 26 89 pei cent in the 7,204 cases In hlassachusetts in the years men- 
tioned it nas 11 per cent It is not certain that children are naturally more 
susceptible to the disease than adults The cases among them decrease in 
frequency after the tenth "s ear, on mg to ^ accination n hen thev enter the 
schools This IS shown m the table of ages (Fig 15) of 800 consecutive 
cases in Boston 
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The mortality under one year is always high because practically no vacci- 
nated cases are found 

Race seems to exert little influence either on morbidity or mortality When 
the disease is introduced into aboriginal tribes the mortality is extremely 
high The flrst outbreak of smallpox m the Western hemisphere took 
place in the West Indies, in 1507, fifteen years after the discovery of America, 
and v as so disastrous that whole tribes were exterminated The complete 
disappearance of the Lucayan Indians is to be chiefly attiibuted to smallpox 

Fig 15 


m 

■fill 


Curve of ages of 800 cases of smallpox Notice the extraordinary decline at S years 
(School vaccination ) 

The disease reached Mexico m 1520, with troops from Spam, and the number 
of persons destroyed in a short time has been estimated at three and a half 
millions In the epidemics m this country, cases are always relatively more 
numerous among the blaclis, and the mortality is higher Both the increased 
morbidity and mortality are due to the greater percentage of unvaccinated 
amono- the blacks Welch and Schamberg found the mortality in unvacci- 
nated*cases 49 45 per cent m the blacks and 44 69 per cent m the whites 
EtloloffV —Bacteria were first found in the organs of smallpox cadavers 
bv Wemert m 1874 Since that time both cocci and bacilli have been found 
by vanous observers m the specific lesions, and by some have been regarded 
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as the cause of the disease All of these bacteria have been shown to belong 
either to the ordinary pyogenic cocci or to be forms of bacilli common to the 
skin It IS now generally believed that these bacteria are accidentally present 
or are secondary invadeis, and though they may play an important pait in 
the pathology of the disease they have no bearing on its specific etiology No 
bacterium has been found peculiar to the disease and occurring nowhere else, 
in many cases it is not possible to demonstrate bacteria either microscopically 
or cultuially m the specific lesions, when bacteria are found they are present 
in the advanced lesions rather than in the young and developing lesions 
Lesions peculiar to thedisease have not been produced bymoculating animals 
vith pure cultures of the various bacteiia found 
The included bodies in the epithelial cells of the lesions, which have played 
an important lole in the later attempts to discover the etiology, were fiist 
described by Weigert, in 1874 There inclusions were first regaided as para- 
sitic by Renault, in 1881 Guameri, in 1892, gave the fiist clear description 
of the bodies which he regarded as parasitic protozoa and the cause of both 
vaccinia and smallpox In his first publication he describes bodies which 
stain vith carmine, hematoxylin, and safranin, m the deep-lying epithelial 
cells of the skin in vaccinia and smallpox pustules, as well as m the epithelial 
cells of the cornea of rabbits which were inoculated with either vaccine or var- 
iola virus He found the bodies lying m clear spaces adjoining the nuclei of 
the epithelial cells, and vaiying m size fiom that of a micrococcus to that 
of the nucleus of a cell He gave the organism the name of “Cytorytes 
mnolce/’ the name having reference to the supposed property of the organ- 
ism of devouring the epithelial cells and in tins way forming a space within 
which the organism lies 

Since the publication of Guameri, a number of articles with reference to 
these bodies have appealed, which haVe been, in the roam, confirmatory of 
Ills description and interpretation, but which with few exceptions have added 
little to our knowledge ot their more intimate structure or nature Up to 1904 
the most important article confirmatory to the views of Guameri was that of 
Wasielewski, in 1901 He also regarded the bodies as parasites and the cause 
of the disease The organism enters the epithelial cells, and its first influence 
is to pioduce an increased nutrition and enlargement of the cell He showed, 
further, that no other injury to the cornea of the rabbit and no other form of 
infection produced lesions of the same character as those produced by inocu- 
lating the cornea ivith vaccine or variola virus In the lesions he always found 
these bodies and no other foreign structure The bodies, very small in the 
earliest lesions, became large, and nith the increase in size came a further 
differentiation of structure He showed that the virus increased m the lesions 
for he could inoculate from eye to ej'e indefinitely mthout any change in the 
character of the lesions He inoculated from the cornea of the rabbit to the 
calf in the fifteenth and twenty-fifth generations, and in each obtained per- 
fectly tj'pical vaccine pustules and immunity to further vaccination Children 
n ere vaccinated from the cornea of a rabbit in the thirty-sixth generation, and 
typical vaccinia resulted 

There have also appeared a number of articles nhich oppose the wens 
- held as to the parasitic nature of these bodies which are included m the epi- 
thelial cells of the lesions By some the bodies are regarded as the products 
of degeneiations in the epithelial cells, by others as leukocytes nhich have 
become included m the cells, and by still others as red blood corpuscles 
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Fig 16 



In the studies whicli were carried out on smallpox and vaccinia in 1002 and 
1903 by Councilman and his co-workers, these bodies were unqualifiedly 
regarded as parasites and the cause of the disease In the course ot the v oik 
important additions to our knowledge of the structuie of these bodies, their 
cycle of development, and their etiological significance, Avere made 

In the skin lesions of smallpox, and particularly in the eailiei stages, certain 
small bodies are seen m the epithelial cells These bodies sIioaa a variation 
in size, external form, and internal structure The smallest aie less than 1 /i 

in diametei They he usually m 
a A’^acuole of the cell close to the 
nucleus, and usually but a single 
body is found m a cell Occasion- 
ally tAVo aie found lying on op> 
posite sides of the nucleus, and in 
rare instances they have been 
found betAA’-een the epithelial cells 
The appearance of these bodies is 
coincident AAith the earliest changes 
in the epithelial cells They may 
be found m cells aa'IiicIi sIioav no 
other change, and m cells Aidiose 
nucleus is dividing When first 
seen, these bodies are refi active 
and homogeneous in the unstained 
specimens, and stain slightly AAith 
most staining reagents From such 
forms there is a piogressive de- 
A^elopment (Fig 16) They enlaige 
and preserve their homogeneous character, lemainmg round or oblong until 
they reach the size of 4 to 0// At this stage clear spaces appear in them, 
and in the middle of the clear space a small dot, Avliich in specimens 
stained Avitli methylene blue and eosm 
usually stains blue, Avhile the remainder 
of the body assumes a reddish tint (Fig 
17) Tith the increase m size of the 
body, the degeneration of the cell enclos- 
mg it progresses and the enclosing space 
enlarges The body continues to increase 
m size until it becomes as large or larger 
than the nuclei of the epithelial cells It 
no longer preserves its lound or oval sharp 
outline, but becomes elongated, ii regular, 
and sometimes assumes an hour-glass 
form The structure increases in com- 
plexity, and shoAA's, finally, small round 
bodies enclosed in a reticulum The re- 
ticular structure breaks up and the en- , , , . „ , 

closed small bodies he free in the vacuole 
of the cell The A^esicle ot smallpox de- 
velops from a single point m the skin, and from this theie is extension in all 
directions to a vanable extent In early vesicles it is possible to recognize 


Section of the loiser part ot the epidermis shoe- 
ing the c\toplasmio stage ot oytoryotes in the 
epithelial cells X 1000 
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a central oldei area and a peripheral area of extension In the oldest area, 
the most developed of the cytoplasmic inclusions are found, and in the 
periphery the smallest and presumably youngest forms The conclusion 
IS inevitable that the progressive development of the vesicle is due to an 
increase of the virus and its dissemination m the sui rounding epithelial cells 
Inclusions in the cytoplasm of the cells only aie found in the earliest 
lesions In the late vesicular stage and in the beginning pustule, new 
structures begin to appear in the nuclei of the epithelial cells in the centie 
and oldest poition ot the lesion in which the cytoplasmic inclusions have 
disappeared The nuclear inclusions begin ivith the appearance of one 
or several small circular masses in the nucleus These have a sharp outer 
rim and a clear homogeneous refractive content They increase in size, 
and with giowth slioiv a greater complexity of structure The foim vanes, 
at times the entire structuie appears to be composed of an infinite numbei 
of small circles, in the centre or at the side of ivhich small stamable points 
can be made out In other cases there is a large central space around which 
are grouped a great number of very small spaces all bearing the central dots 
(Figs 18 and 19) The nucleus enelosing these bodies enlaiges, the central 
chromatin disappears, leaving only a thin, faint, nuclear rim, w Inch finally 
disappears, the enclosed bodies aie set fiee, and they may be found m the 
central mass of broken-dowm cells, mixed with exudation In the degen- 
erated nuclei there are often found small, refractive, brightly staining points 
measuring less than 0 5/i in diameter 
In all vaccine lesions winch w'e have studied, wliether m man, in monkeys 
of various species, or in the calf or rabbit, bodies essentially similar to those 
included m the epithelial cells m smallpox in man, and undergoing the same 
changes and development, aie found Theie is no difference m the size, 
relative numbers, and course of development, of these bodies, wliether the 
tissue chosen for the site of vaccination be skin, mucous membrane, or cornea 
All competent observers agree in this If the labbit or calf be similarly 
inoculated wnth material from smallpox lesions in man, a lesion is produced 
winch IS essentially the same as that produced by vaccination, and the same 
inclusions are found m the epithelial cells The results of the tw o processes 
are in all lespects the same, and immunity from both smallpox and vaccinia 
IS conferred It is know n that many of the strains of vaccine lymph have been 
derived, from the calf by inoculation with smallpox virus Neither the calf 
nor any other of the domestic animals is susceptible to smallpox The disease 
which they acquiie by inoculation wntli smallpox virus is vaccinia 
Neither in man nor in the monkey, nor in any other animal experimented 
with, are the nuclear bodies found, wlien vaccine material is used for inocu- 
lation Tjqncal vaccine lesions wnthout geneial eruption are produced and 
only the c^'toplasmic inclusions are found in the lesions The same is true 
of the rabbit and calf w^hen smallpox material is used for inoculation When 
smallpox material is inoculated in the monkey, after an incubation period of 
about eight days there develops an exanthem, varying in extent, and differing 
in nowuse, save m being less extensive, fiom the exanthem of smallpox 
In the lesions of this, the nuclear inclusions in the same form and under- 
going the same development are found along wuth cytoplasmic forms 
Inoculation of the smallpox exanthem from monkey to monkey lesults in 
smallpox with exanthem and with nucleai bodies Inoculation from the 
monkey wnth smallpox to the rabbit results in vaccinia wnthout the nuclear 
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Free-1> mg intranuclear parasite V. itU ad)oming nuclear fragments In Tig 18 the surface \ lew is 
given, m Fig 19 the optical section through the centre 
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inclusions These bodies within the nuclei are characteristic of smallpox 
It has seemed to us from this that the organism m smallpox and m vaecmia 
was the same, that m vaccinia it only reached a degree of development com- 
parable m a general way to the asexual self-mfeciing cycle of the malarial 
organism , that in smallpox, hov ever, in addition to this development, which 
takes place m the cytoplasm of the epithelial cells, there is a further develop- 
ment, comparable to the sexual cycle of the malarial organism which takes 
place uitliin the nucleus Calkins, i\ho has woiked on material fiom small- 
pox cases 111 this epidemic, has from the senes of forms found in the lesions 
projected the following provisional life-history 

“The first development of the germ in the host is unknown It probably 
takes place m the seat of primary infection, forming an organism uhich 
reproduces by germs, piobably similar to those which I have named gem- 
mules (^ e , the small bodies ultimatel y formed m the eytoplasmie inclusions), 
the process being known as 'multiplicative reproduction ’ The gemmules 
are probably carried m the blood to the skin, where the furthei development 
takes place This early part of the development therefore is purely conjec- 
tural, but from this point the observations are faiily complete The gem- 
mules become mtracelliilai cytoplasmic amoeboid oiganisms i\hich give use 
to similar gemmules This process, which Councilman has desigiiated the 
‘vaccine cycle,’ must continue foi some time, foi in variola the gemmules 
are distributed to all parts of the skin Ultimately the germs derived in this 
way give rise to forms which penetrate the nuclear membrane and develop 
into gametocytes ( ’) of two types, one forming the supposed male gametes, 
the other the female The gametes conjugate ( ’), the zygote thus formed 
develops into a comparatively large, amoeboid organism, in which the 
panspoi oblasts originate These pansporoblasts give rise to primary 
sporoblasts, and the latter to multitudinous spoies, the entire process taking 
place within the nucleus and corresponding to the so-called propagative 
lepioduction of other sporozoa The spores thus formed may, m turn, infect 
fresh nuclei and grow directly into new, secondary sporoblasts, which give 
use to similar spoies, a tiue schizogony and a second' means of auto-mfection, 
by which the organism spreads throughout the nuclei and cells of the skin, 
and possibly to many of the other oigans of the body like the allied Nosema 
homhyces, which infects eveiy tissue and cavity of its insect host These 
spores finally may transmit the disease to new hosts ” 

We have regarded the small spore-Iike bodies found in the skin lesions 
m the later stages as piobably lepresentmg the final spores which are the 
true agents of infection m smallpox There is one very striking difterence 
in the manner m i\ Inch infection takes place m vaccinia as compared with 
smallpox, and which is only to be accounted for by differences m the character 
of the infecting agent Infection takes place m vaccinia only m hen the virus 
IS placed m contact with suitable epithelial cells of the skin or mucous 
membranes Infection rarely takes place in any othei way than by design, 
though there aie cases of accidental infection by means of intermediate 
objects Infection in vaccinia does not take place by air transmission and 
does not follow from patient to patient In smallpox theie are a large num- 
ber of observations which show that infection can and usually does take 
place by air-bonie infectious material There are many obsen^ations iihich 
shoii that infections can take place across vide areas The most convincing 
endence of the air transmission is given by W H Pouers (in the Local 
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Government Board Reports 1880-81, also 1884r-85), who showed that a 
smallpox hospital can seive as a focus of infection for the vicinity Both 
Bariy and Evans, the former from his observations at the Sheffield Hosintal 
in the epidemic of 1887-88 and the latter from obseivations in the epidemic 
at Bradford, come to the same conclusions The diiection of the prevalent 
winds has a decided influence in extending the infection In addition to the 
mfluence thus exerted by hospitals, there have been instances in vluch the 
disease has extended from a completely isolated individual m ahouse to other 
rooms of the house by means of the open vindovs 

The spore-hke bodies which form the infectious agent m smallpox have 
widely different characters fiom the gemmules which form the infectious 
agents m vaccinia In some respects the comparison of the smallpox 
infecting agent to the spoie is not borne out Thus Brinckerhoff and Tyzzer 
have found in their comparison between the resistence of the smallpox and 
vaccine virus to external conditions, that the vaccine virus is more resistent 
than the smallpox virus Assuming these two cycles of development, if the 
smallpox spores be inoculated on the calf or rabbit, m the tissues of these 
animals favorable conditions are found for the development of the primary 
vaccine cycle but not for the smallpox cycle The virus growing in these 
animals loses after a variable period its capacity for complete development, 
and tiue vaccinia is produced and transmitted How long a period elapses 
before the capacity tor vaiiola is lost is unknown, in one case aftei the 
variola virus has been passed from the cornea of rabbit to rabbit foi four 
generations, inoculation of a monkey from the last generation produced an 
initial lesion showing the characteristics of variola and followed by an 
exanthem 

Pathological Anatomy. — ^The majority of autopsies in smallpox will 
be made on patients who have died between the tenth and twelfth day of 
the disease, vith the skin lesions in the late pustular and crusting stage 
It IS possible in the cadaver fiom the character of the eruption to determine 
roughly the stage of the disease In the earliest cases the lesions consist of 
papular elevations 2 or 3 mm in diameter, very slightly raised above the 
level of the skin, so hard that they give to the finger the sensation of a small 
shot The lesions aie generally most numerous on the forehead, cheeks, neck, 
shoulders, the upper part of the chest, the backs of the hands, and the 
inside of the thighs, they are sparse on the abdomen, particularly on the 
lower part The lesions aie not distinctly vesicular on the cadaver until the 
fifth day Toward the close of the fiist veek the lesions on the face may 
become confluent The face is oedematous and the nostrils covered with 
crusts In children there is a tendency for the lesions of the legs to appeal 
in groups, and they also differ in size 

In patients dying in the distinctly lethal penod of the disease, the face 
shows great oedema and is covered with crusts which in size and extent 
depend upon whether the pustules vere discrete or confluent The crusts 
may cover the face and neck like a mask The skin of the trunk shovs 
intact pustules interspersed vith occasional luptured pustules and crusts 
The axillre, flanks, and groin, are usually devoid of lesions Upon the 
arms the lesions are more abundant on the extensor surfaces and on the 
backs of the hands and vmsts than elsevherc, they may be confluent, and 
large blebs filled vath serous fluid may be formed Palms v hich possess 
a thick horny layer of epidermis show lenticular copper-colored disks. 
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those of childien and others, m -nhom the epidermis is thin, may show 
pustules 

In the tlurd eek of the disease and later, the slan of the face is marked 
by copper-colored or reddish areas, at first more or less elevated and scaly, 
later beeoming colorless pits The skm of the trunk and extiemities shows 
markings of a similar character which gradually lose their color After 
the falling off of the crust, the sites of the lesions are somev hat elevated and 
rough The palms and soles usually show reddish-brown disks, the coloi 
depending upon the thickness of the epidermis 

In purpuric smallpox the skm of the face shows a dusky bluish-red flush, 
deepest about the neck and ears The skm of the trunk presents a general 
terra-cotta oi bluish-red flush, deepest upon the dependent parts The 
specific eruption may be absent or represented by a few scatteied papules or 
vesicles The epidermis, even a short while after death, strips off readily m 
large sheets, leaving a moist, glistening surface 


Fia 20 



For the study of the development of the pustule it is necessary to observe 
a large numbei of cases It is not often that the earliest stages of the papule 
can be seen The factors concerned in the production of the pustule are 
degeneration of the epithelial cells and exudation into the degenerated part 
Tlie beginning of degeneration is seen m the nuclei of the epithelial cells 
The nuclei are swollen, moie vesicular, and the clumping of chromatin m 
the centie moie marked than m the normal Associated with this nuclear 
change is a reticulai degeneration of the cytoplasm vhich may affect all the 
lo\^el cells of the epidermis The cells are swollen, the cj’toplasm loses its 
normal character and becomes eithei a faintly stained pale mass, or distinct 
spaces ma> be formed in it The protoplasmic processes connecting the 
cells disappear and the cell periphery undergoes a peculiar condensation 
With the increasing exudate coming from below, the spaces within the cells 
enlarge, fimlb rupture, and a net wmrk or system of spaces is formed b'v the 
coalescence of the ccll-boiders The tropical small lesicle is alwaj's fan- 
shaped (Fig 20) The bottom of the vesicle maj be seated on the corium 
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or be separated from this by a layer of comparatively intact cells The 
lowest epidermis cells undergo a hyaline fibrinoid degeneration and form the 
handle of the fan Above this and extending widely laterally is the leticiilar 
degeneiation leading to the formation of spaces The cells of the kerato- 
hyahne layer of the epideimis take but little part m the formation of the 
reticulum, though they may be separated by the exudate As the exudate 
inci eases, the tension becomes so great that the adherent cell-remains are 
ruptuied, and laige spaces aie formed with the cell strings extendmo; iiietru- 
larly between them (Fig 21). “ 

Rq 21 



A more advanced and larger vesicle than jn Fig 20 shoving the internal mesh-vork formed 
bj the remains of the epithelial tells 


In the hyaline fibiinoid degeneiation the cells become swollen, their pro- 
toplasm loses its gianulai charactei, becomes homogeneous and refiactive, 
and stains more intensely with the acid dyes The single cells so altered 
may be separated fiom each othei, or masses of them may be joined togethei 
and he more or less free m the exudate The diiect division of the degen- 
erated nuclei of these cells is not uncommon, and four or more pale nuclei 
formed m this way may be found in a single cell (Fig 22) 

The exudation begins early and m most cases simultaneously vith the 
cell degeneration In the smallest visible papule the swelling is chiefly 
due to exudation The earliest visible lesion of the skin is really a vesicle, 
but the exudation enclosed m a number of small spaces does not give the 
svelhng the macroscopic appearance of a vesicle (Fig 20) In the early 
stages the exudate is clear without any admixtuie of cells, and may be very 
poor in coagulable constituents Leukocytes only appeal in the exudate in 
a late stage and when the specific character of the process has passed, then 
being attracted by the neciosis In a late stage of the pustule all the cells, 
both those in the exudate and the degenciated epithelium, become frag- 
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mented and give rise to granular masses which cannot be identified One 
form of degeneration of the polynuelear leukocyte is partieularly noticeable 
The cell becomes swollen and clear, the granular contents disappear, the 
nucleus is swollen, and the chiomatm is aiianged in small masses (often of 
the same size) at the periphery of the nucleai membrane, m some cases 
assuming the form of losettes Red blood corpuscles are larely found m the 
exudate m the young vesicles, but a few may be found m the pustules 
Eosmophile cells m any numbers were rarely found either m the exudate m 
the vesicle or m the pustule, or m the corium, except in one case, that of an 
infant The diminution m the number of polynuclear leukocytes in the 
blood cannot account for the small numbers of these found in the skin 
lesions, for m the lesions m the lungs and mucous membranes, which are due 
to streptococcus infection, the exudate has the usual cellular character 


Fiq 22 



A number of contiguou' vehicles in the skin of a child eighth daj The two on tlie left are con 
fluent Observe the iriegularity of the umbihcation and the appearance of umbihcation resulting 
rom confluence 

The bloodvessels of the conum are injected both immediately beneath and 
m the vicinity of the lesions There is extensive hemorrhage in the corium 
m the purpuiic cases and to a less degree in the simple hemorrhagic cases 
In the purpuric cases the hemorrhages are not circumscribed but diffuse 

The histological examination of the skin in purpuric smallpox lemoves 
all doubt as to the nature of the disease The skin almost everywhere 
shows the eaihest stage of the true lesions Often the entire aiea of a large 
section shows the same condition, oi only small areas of normal skin are 
found The general condition is swelling and reticular degeneration of 
all the lower cells of the epidermis There are large vacuoles m the cells, 
but rarely spaces between the cells resulting from the rupture of the vacuoles 
The nuclei of the cells are degenerated, shrunken, and he in large spaces 
In the cells least changed the chromatin of the nucleus is clumped in the 
periphery In all the puipuric cases the wiiter has examined there were 
large numbers of streptococci m and aiound the vessels 

Bacteria are generally absent in the microscopic examination of both 
vesicles and pustules In the examination of many sections of the skin from 
54 cases they were onlj'- found m 6 cases Cocci, usually m chains or in pairs 
vere the form of bacteria found In one case it seemed possible that the 
skin might have been the point of invasion for a general septiciemia The 
bacteria are found more frequently in the corium than in the epidermis 
They aie usually seen as embolic masses within the vessels and occasionally 
m the tissues around the vessels They are not found more frequently nor 
in greater numbeis in the vessels of the coiium than in the vessels of any other 
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part of the body In no case are they found in such i elation with the earlj 
epithelial lesions that they can be considered as a causal factoi 

The examination of the skin stiongly suggests that the specific organisms 
are brought to the slan by the blood They enter into the epithelial cells at 
a single point, and from this the formation of the lesion extends The 
essential difference in purpuric smallpox is that the oiganisms reach the 
skin in gieat numbers, so that large aieas of the epidermis may show the 
conditions \%luch oidinarily aie found only at the primary focus of the 
vesicle formation 

Repaii of the lesion begins early In an early stage of vesicle formation 
there is slight hyperplasia of the suiiounding epidermis and the homy 
layer is thickened The netvly foimed horny cells are cedematoiis and 
swollen, and their nuclei are faintly visible The contents of the vesicle 
or pustule undergo condensation, becoming finally converted into a solid 
granular mass In the less set ere cases the destiuction of the epithelium 
IS not complete, and theie may be rm\s of cells at the bottom of the lesion 
which are little oi not at all affected Nev. epithelium is produced by these 
cells, 01 grows from the sides beneath the outlaying edges where the process 
does not extend to the papillm In large pustules v ith degeneration involving 
laige areas of the skin vith destiuction extending deeply into the coiium, 
the groving epideimis is alvays found at the edge All layers of the skin 
are not foimed simultaneously in the regeneiative piocess The cells of the 
homy layer are formed in gieat numbeis in the periphery of the lesion and 
fiom this gradually extend over the deeper cells W'hich have already been 
foimed By means of this regeneration the mass of cells and exudation in 
the lesion, which has become solid by evaporation and absorption, becomes 
enclosed within two layeis of horny cells — the old layer which formed the 
surface of the pustule and a lower layer which is newly formed Complete 
legeneiation without cicatrization is possible when the lesions are not 
extensive and do not involve the entire epithelium, and also when the entiie 
epithelium is destroyed over a small area only, the papillary bodies remaining 
intact When the destiuction extends into the corium, complete regeneration 
does not take place This is usually the case in lesions moie than one-half 
centimeter in diameter, the base or stalk of the lesion being one-half or one- 
third of this Even in small lesions there is sometimes destruction of the 
papillm with inevitable cicatrization After recovery the papillm are absent 
or veiy imperfectly developed, and the connective tissue beneath has the 
charactei of cicatiicial tissue 

There are inteiestmg minor modifications of the process due to the 
charactei of the epidermis When the exudation is abundant and further 
distension of the vesicle or pustule is prevented by the interlacing and con- 
nected leticulum, the internal tension may be considerable Usually the 
reticulum is luptured, allowing of further distension It may happen that 
space foi the exudation is given by its passage through the stratum lucidura 
and the elevation of the horny layer in mass (Fig 23) In this vay a 
secondary vesicle may be formed on the surface of the true lesion In still 
othei cases the entire epithelium nitli the lesion may be elevated, forming a 
secondary vesicle beneath instead of above the lesion 

Umbilication of the lesion is usually piesent except on the palms and soles 
It does not appear to be due to the operation of any single cause, but most 
often to the primary hyaline fibiinous degeneration of the epithelial cells at 
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the central and primary point of the lesion, which does not allow distens'on 
to take place at this point It is also unquestionably caused by the greater 
adheience of the cells wheie sweat glands and hair ducts pass through the 
epidermis Serial sections of the vesicle ^Mll very often show such a cause 
for the umbilication On the other hand, similar conditions should operate 
to produce umbilication in the varicella vesicle, but this laiely takes place 


Fig 23 



Tuo small confluent pustules nitli separation of the horny layer 


In addition to the large bullfe which are formed usually m the vicinity of 
the lesions and more or less connected with them, small vesicles no larger 
than the tiue lesions and due to the uplifting of the entire epidermis may be 
encountered They are rare, but weie well marked in one of the cases 
examined m the Boston epidemic 

The Mucous Membranes — ^Eppinger was the first to call attention to the 
frequency and gravity of the lesions in the mucous membranes, their 
presence was known to the early investigators The specific lesions in the 
mucous membranes show a general resemblance to those of the skin, although 
there are modifications due to the differences in the tissues The epithelial 
cells are in much looser connection with each other, the tissue is more easily 
permeated by the exudation, and the horny layer is absent The specific 
character of the lesion is apparent only in a very early stage The epithelial 
cells which are fiist aftected, together with the cells adjacent to them, are 
thrown off by the exudate, leaving an area baie of epithelium This takes 
place more quickly on surfaces covered with cylindrical than on those 
covered wnth squamous epithelium The lesions develop in the same w ay as 
in the skin — by the infection and degeneration of circumscribed foci of 
epithelial cells followed by exudation The hyaline fibrinoid degeneration 
takes place as in the skin In addition to the specific lesions in which the 
paiasites of the disease are found, there aie more serious lesions wduch are 
non-specific, and at autopsy most frequently found in the soft palate and 
uvula They consist chiefly in superficial loss of substance w itli deep necrosis 
of the undei lying tissue In these places masses of streptococci are found 
It IS possible that these lesions are preceded by specific lesions wdiich form 
the atrium for the streptococcus invasion Numbers of polynuclear leuko- 
ci tes are found in these lesions in contrast to the specific lesions Vesicles 
produced b> the uplifting of the entiie epithelium are rarely found m the 
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mucous membrane The specific eruption may be found m the mucous 
membrane of the mouth and fauces, m theJarynx, rarely in the tiachea and 
bronchi, and m the oesophagus not infrequently Only m 1 out of 54 exami- 
nations was a specific lesion with the parasitic inclusions found in the mucous 
membrane of the stomach In 2 cases a pustule was found m the penile 
portion of the urethra None were found m the vagina nor m the female 
urethra 

Lungs — ^The most common lesion is bronchitis, usually combined with 
more or less extensive bronchopneumonia Both the large and small bronchi 
aie affected In 54 autopsies such lung lesions were found in 43 The foci 
of bronchitis and bronchopneumonia do not differ from those so commonly 
found in diphtheiia Lobar pneumonia was found in 2 cases In 8 of the 
cases the lung exudate v as largely hemorrhagic m character, and in 4 cases 
of purpuric smallpox, hemorrhages were found both in the lungs and on the 
pleura without any evidence of pneumonia Different varieties of pyogenic 
COCCI are constantly found in the foci of bronchitis and bronchopneumonia 
The streptococcus is most commonly found and next the pneumococcus 
Such organisms may also be found m portions of the lung whieli appear to be 
normal 

These lung lesions are found in all stages of the disease from the earliest 
to the latest They should be legarded as the most common and most serious 
complications of smallpox In many cases they are so extensive as to foim 
a sufficient cause for death without the specific disease They were not more 
common in children than in adults, although atelectasis was more common 
in children 

Liver — ^The liver is generally enlarged The average weight in twelve 
adults was found to be 2,260 grams The largest size found was 1,500 grams, 
m a child aged ten years It must be remembered that the subjects are 
othervase healthy and the weights are naturally higher than would be found 
at ordinary hospital autopsies In smallpox, the largest livers are found m 
the late pustular and crusting stages The only condition to which this 
increased weight can be ascribed is the veiy evident swelling of the cells, 
which are larger and more granular than normal We are accustomed to 
regard the liver in typhoid as the tjqie of cloudy swelling, but the increase of 
V eight in typhoid (average 1,893 grams in 64 cases) is slight as compared 
with the increase in smallpox The fat of the liver is not increased In 6 of 
the 54 cases necroses were found In 3 this took the form of the ordinary 
central necrosis of the lobule, and m only 1 case was it extensive In 3 cases 
there were not distinct foci of necrosis, but single necrotic cells were found 
vithout any relation to the lobule The very small degiee of necrosis vas 
singular in view of othei evidences of degeneration and of the constant 
streptococcus infection vith which liver necrosis is so often associated m 
other diseases Large basophilic cells are frequently found in the capillaries 

Spleen — ^This is commonly enlarged in the late pustular stages The 
enlargement may be up to 550 grams The spleen differs in smallpox from 
that of the other acute infectious diseases in the great diminution m number 
or the absence of pohmuclear leukocj4es In the hemorrhagic forms, and 
in the early period of the ordinary types up to the completion of the pustular 
stage it contains in some cases no recognizable poljmuclear leukocytes In 
the penod of desquamation poljmuclear leukocytes are fairly abundant 
Det'enerating leukocjtes and nuclear detritus resulting from their necrosis are 
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found m the purpuric cases and in the early vesicular stages In the spleen, 
as in the lymph nodes and in the marrow, the formation of large basophilic 
cells IS a prominent feature It is particularly striking m the spleens of 
children m the early pustular stage These cells aie found both m the pulp 
and m the follicles Nucleai figures are numeious m the basophilic cells in 
both places Enlaigement and prolifeiation of the endothelial cePs m the 
sinuses leading to the foimation of laige phagocytic cells are also seen, and 
these often contain cell inclusions Distinct nodules ih the follicles, composed 
of phagocjdic cells and detritus, and similar to the nodules seen in diphtheria, 
may be found In addition to these puiely cellular changes there is alvays 
a varying and m some cases a high degree of congestion 

The lymph nodes are swollen in the beginning of the disease, the swelling 
persists or increases during the period of eruption, and slowly diminishes 
The most common condition is a geneial oedema producing dilatation of the 
sinuses and separation of the cells of the follicles The enlargement of the 
nodes is due more to this oedema than to cellular hyperplasia Numbers of 
large basophilic cells are found both in the sinuses and m the follicles In 
many of these cells the cytoplasm around the nucleus is acidophilic, while 
that m the periphery takes a strong basophilic stain These cells may be so 
abundant that the separation of the node into sinuses and follicles is lost, and 
the node represents a loose mass of cells The geim centres of the follicles 
are not apparent Phagocytic cells are alvays present, they aie most 
numerous m the later stages of the disease, and are confined chiefly to the 
sinuses They aie formed by the proliferation of the endothelial cells The 
cells of the reticulum lining and crossing the sinuses are swollen and increased 
m number Cells are found partially detached which are similar to those 
■uithin the sinuses 

Stieptococci are frequently found m the sinuses In a purpuric case the 
writer has found all the sinuses of a cervical node blocked up with stiepto- 
cocci No reaction is found around them They even no influence on the 
number and varieties of the cells found in the nodes, and they stand in no 
relation to the necrosis, although both the streptococci and necroses are more 
abundant in early than m late cases 

Bone Marrow — Chian in 1893 investigated the marrow in 22 cases 
embracing all stages of the disease, and found changes m 86 per cent He 
described under the lame osteomyelitis variolosa, foci of necrosis and 
hemorrhage associated with the presence of large cells The more recent 
studies of the marrow have been m connection with the changes found in the 
blood hluir found a general diminution m cells, which was compensated 
for by vascular dilatation The poljmuclear cells were almost entirely absent, 
and the neutrophile myelocj’tes diminished in number, with only a few of 
them in mitosis, and occasionally degenerated 

In the examination of the mairow, the wnter has found, like others, 
marked reduction and m some cases complete absence of the pol'ymuclear 
leukocj^es In one case which died during convalescence, the marrow 
corresponded to that of active leukoc^'tosis The absence of leukocytes does 
not seem to be due to their degeneration and destruction %n loco, for, save in 
die puipunc cases, degeneration forms and nuclear detritus are not found 
hoci of neciosis laijnng m size from those easily visible to mieroscopic areas 
aie found as Chiara described In eaily cases there is no reaction around 
the neciotic foci In cases djnng m advanced and crusting stages, collections 
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of large cells are found m the fat-spaces around the necrosis Definite 
myelocytes are not numerous, and the forms of these with incurved nucleus, 
the immediate predecessors to the polynuclear cells, are also rare The most 
numerous cells in the marrow are basophilic cells similar to those described 
m the spleen and lymph nodes Nuclear figures are numerous in these cells, 
many of which approach very closely to the character of plasma cells, and 
occasionally it is possible to distinguish in them a small crescent at one side 
of the nucleus in which the cytoplasm takes more of the eosin stain Cells of 
a tj^ncal lymphoid character are found m varying numbers, and aie more 
abundant in children than in adults 

Eosmophile cells are less numerous than m the hyperplastic marrow of 
other infections Those found correspond chiefly to the eosmophile myelo- 
cyte, those iMth nuclei of the polynuclear type are as generally absent as are 
the polynuclear neutrophiles 

The large cells first described by Chian are found m relation to the necro- 
tic foci, and independently of these They occur both singly and in groups, 
often surrounding the fat-cells They are phagocytic for all of the cells of 
the marrow They are most numerous in the cases in which there is most 
hyperplasia m the marrow Comparison of the marrow of smallpox vith 
that of other infectious diseases has led the n nter to regard these groups of 
large cells as occurring m smallpox alone They are found m other infec- 
tions, but not in the same number and grouping Their chief function seems 
to be fat absorption Cells with the same relation to the fat-cells are found 
in fat-necrosis and in inflammation of the mesentery and omentum 

In cases of purpuric smallpox, hemorrhages of considerable extent may be 
found m the marrow Osteomyelitis variolosa is a bad term to apply to the 
small necrotic foci, as it magnifies their importance We understand by 
osteomyelitis an entirely different pathological condition, and one which the 
writer has never found as a complication of smallpox 

Testicle — ^The lesions which arc most difficult of interpretation are those 
of the testicle There is absence of spermatogenesis save in the cases in 
winch convalescence is established Normal spermatozoa are absent in 
the lumina of the tubules, and there is degeneration of the spermatogenic 
cells This affects both cytoplasm and nuclei, and the degenerating nucleus 
assumes forms which present some similarity to certain of the intranuclear 
parasites in the epithelial cells of the skin This degeneration is not peculiar 
to smallpox, but may be found of the same degree and character in tj'phoid 
fever These lesions are absent in undeveloped testicles of children 

In addition to these diffuse degeneiative lesions, there are focal lesions as 
characteristic of the disease as the skin lesions, which are found both in the 
undeveloped testicles of children and m the adult The lesions begin as an 
infiltration of the intertubular tissue with both ordinary Ijmiphoid cells and 
large mononuclear basophilic cells The tubules in the foci are unaltered 
From such lesions as these, which arc best compared with small interstitial 
foci in the kidneys, the process extends The area enlarges, the cellular infil- 
tration extends, and finally there is complete necrosis in the centre, with 
fibnn and hemorrhage in the surrounding interstitial tissue The necrotic 
tubules often contain numbers of phagocytic cells The bloodvessels m the 
foci are obliterated m some cases by thrombi, but chiefly by the pressure 
of the cells around them As in interstitial foci in the kidney, the cells 
come from the bloodvessels Nuclear figures are found in those vithin the 
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vessels and m the interstitial tissue Acute endarteritis v ith accumulations 
of mononuclear cells is often found 

The lesions vaiy m number, some testicles showing large numbers of them, 
wlule in others they are found only after prolonged search The smallest 
lesions, and those best adapted for study, are m the undeveloped testes 
of children They show a general relation to the duration of the disease, 
the most advanced cases occurring late m the course In 3 of our cases, 
lesions similar to those m the testicle were found in the epididymis, ^nd in 
1 case m the prostate Brinckerhoff and Tyzzer have found lesions m the 
seminal vesicle of the monkey in variola moculata Cytorytes were present 
m the epithelium involved in these lesions Notwithstanding their appar- 
ently specific nature, no parasites were found m the testicular lesions of man 
Beginning lesions are found in the purpuric cases 

fcdney — Unrah, in 1872 first called attention to hemorrhage m the pelvis, 
finding it m 28 of 212 cases The writer found it in 5 of 54 cases The epi- 
thelial surface is intact, the hemorrhage taking place m and beneath the 
mucous membrane It is found m cases in which theie are hemoirhages m 
other organs It has no connection with hemorrhagic nephritis, this being a 
rare complication of the disease The hemorrhage is confined to the mucous 
membrane of the pelvis and does not extend into the ureteis and bladdei 
In cases of hsematuria this pelvic hemorrhage seems the most probable 
source of the blood 

The kidneys are affected m all cases, the most common change is acute 
degeneration of the epithelium, which occurs m all stages of the disease and 
at all ages The kidneys are usually enlarged, lather oedematous, and opaque 
on section The degeneration does not differ from that found in othei infec- 
tious diseases except in being more marked In 5 cases out of 54, acute 
glomerulonephritis was found, and in one of these it developed during con- 
valescence 

Small groups of cells are frequently found in the interstitial tissue in 
vaiious places but chiefly m the upper portion of the pyramid, in the cortex 
boi dering on this, and around the glomeruli The cell groups are usually 
quite small, but they may cover a consideiable area They he both inside 
and outside the capillaries, which are distended They comprise ordinary 
lymphoid cells and large mononuclear basophile cells Similar cells may be 
found in considerable numbers in the vessels of the pyramids without any 
interstitial foci around them 

The writer inclines to believe that the source of these interstitial cell foci 
IS to be sought not m the kidney but in the blood No condition of the tissue 
can be found which explains their presence Similar cells are present m the 
blood and for some reason tend to accumulate m the vessels of the kidney, 
particularly in those of the pjTamids The number of cells m the vessels 
shows that they continually accumulate, for the circulating blood does not 
contain them m such proportions The cells he at random in the vessels and 
there is no tendency to mural arrangement 
Heart — Cardiac lesions are infrequent The writer found acute vegeta- 
tne endocarditis in 1, an adult who died on the ninth day There is no 
enlargement of the heart save in patients in vhom there is nephritis Fat is 
not infrequently found in the muscle fibers In 3 cases, 2 of them purpuric 
smallpox, small but well-maiked foci of degeneration vere found in the 
muscle close beneath the endocardium In 2 cases, both in the late pustular 
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stage, diffuse aieas of necrosis of muscle fibeis i ere found, m one accom- 
panied by hemorrhage and emboli of stieptococci 

Inoculation ^Theie is one foim which was formeily of great importance, 
but which recently has received scant attention and its leading chaiactei- 
istics have been overlooked This is the inoculated smallpox (variola mocu- 
lata) produced by the diiect inoculation of the vesicle or pustule contents 
fiom man to man Various means of doing this have been used, the most 
usual being to make a scratch on the skin into v Inch the inoculated material 
was placed When this Avas practiced, it Avas legarded as important that 
the incision should not extend deeply into the coiium The disease so pio- 
duced diffeied m marked degree fiom true smallpox These differences 
Avere always the same and AA’^ere not due to accidental causes The peiiod 
of incubation Avas eight days instead of ten to tAvelve, and the disease pro- 
duced Avas incomparably niildei 

Gregory (1843), avIio regaided smallpox inoculation as under certain 
circumstances a A’^aluable method of prophylaxis, has given a good description 
of the course of the disease Inoculation is performed by introducing into the 
arm at the insertion of the deltoid, a minute portion of variolous matter 
by means of a lancet The thin lymph of a fifth-da j' A'esicle is to be preferred 
to the purulent matter of the eighth day, but both aie efficient One incision 
only is*to be made A minute oiange-colored spot is perceptible, by the aid 
of the lens, on the second day On the third or fourth day a sensation of 
pricking IS experienced The punctuied point is hard, and a minute Ansicle 
Avhose centre is depressed may be observed surmounting an inflamed base 
On the fifth day the vesicle is aa'cH developed and the areola appears On 
the sixth day the patient feels stiffness, AAuth pain in the axilla The inocu- 
lated part has become a hard and tender phlegmon The subjacent cellular 
membrane has become involved in the inflammatory action ©n the eA'enmg 
of the seventh or early on the eighth day, rigors headache, syncope, vomiting, 
offensive breath, alternate heat and chill, langour, lassitude, or, m a child, 
an epileptic paroxysm, announce the setting in of fever On the appearance 
of the febrile symptoms, the inflammation of the arm lapidly subsides, and 
an areola of irregular shape is soon completed, Avhich displays within it 
minute confluent vesicles On the tenth day the arm is hard, tense, shining, 
and A^ery red The pustule discharges copiously, and ulceration has evidently 
penetrated the xvhole depth of the coiium On the eighth day spots of vaiio- 
lous eruption sIioav themselves m A’^arious and often in the most distant parts 
of the body In a large proportion, the eruption is distinct and moderate, 
200 A^esicles being considered a full crop Sometimes not more than 2 or 
3 papules can be discovered, which perhaps shrivel and dry up, at other 
times the eruption is full and semiconfluent, passing through all the stages 
AA ith as much perfection as the normal disease With ordinary precautions 
in the choice and preparation of subjects not more than 1 in 500 cases aaiII 
terminate unfa voi ably 

Inoculation aa as introduced into England by Lady Mary Wortley hlonta- 
gue, whose husband AAas at the time ambassador in Constantinople The 
letter she wrote to hei friend, Miss Sarah ChisAAell, in 1717, contains the 
first mention of it This letter is so frequently referred to and so rarely 
printed that it is given in full 

“Apropos of distempers, I am going to tell you a thing that aauII make you 
wish yourself here The smallpox, so fatal and so general amongst us, is 
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here entirely harmless by the invention of engrafting, which is the term they 
give it There is a set of old women who make it their business to perform 
the operation, every autumn in the month of September, when the great heat 
IS abated People send to each other to know if any of their family has a 
mind to have the smallpox they make parties for this purpose, and when 
they are met (commonly fifteen or sixteen together) the old woman comes m 
with a nutshell of the best sort of smallpox, and asks what vein you please to 
have opened She immediately rips open that you olfei to her with a large 
needle (which gives no more pain than a common scratch), and puts into 
the vein as much matter as can he upon the head of her needle, and after that 
binds up the little wound with a hollow bit of shell, and m this manner opens 
four or five veins ^ The Grecians have commonly the superstition of open- 
ing one m the middle of the forehead, one m each arm, and one on the breast, 
to mark the sign of the cross, but this has a very ill effect, all of these wounds 
leaving little scars, and is not done by those that are not supeistitious, who 
choose to have them in the legs, or on that part of the arm that is concealed 
The children or young patients play together all the rest of the day, and are 
m perfect health to the eighth Then the fever begins to seize them, and they 
keep their beds two days, very seldom three They have very rarely above 
twenty or thirty on their faces [s«c], vhich never mark and m eight days’ 
time they are as well as before their illness Where they are wounded there 
remain running sores during the distemper, which I do not doubt is a great 
relief to it Every year thousands undergo this operation, and the French 
Ambassador says, pleasantly, that they take the smallpox here by way of 
diversion, as they take the waters m other countries There is no example 
of anyone that has died of it, and you may believe that I am well satisfied of 
the safety of this experiment, since I intend to try it on my dear little son I 
am patriot enough to take pains to bring this useful invention into fashion m 
England, and I should not fail to write to some of our doctors very particu- 
larly about it, if I knew any one of them that I thought had virtue enough to 
destroy such a considerable branch of their levenue for the good of mankind 
But that distemper is too beneficial to them, not to expose to all their resent- 
ment the haidy night that should undertake to put an end to it Perhaps if 
I live to return, I may, honever, have courage to nar upon them Upon 
this occasion admire the heroism in the heart of Your friend,” etc 

Her fears of the reception which “engrafting” nould encounter at the 
hands of the medical fraternity nere veil founded The clamors raised 
against the practice, and of course against her, were beyond belief The 
faculty rose in arms to a man foretelling failure, the clergy descanted from 
their pulpits on the impiety of thus seeking to take events out of the hands 
of Providence, the common people were taught to hoot at her as an un- 
natuial mother wdio had risked the lives of her children There is an interest- 
ing history of an extensne use of inoculation carried out by her grandson, 
William Stuart While he was vicar of Luton, m Bedfordshire, a malignant 
smallpox epidemic broke out m that neighboihood The minds of the 
country people were so distracted with terror that he, hawng absolute 
confidence in the practice, offered to have every person, who w'as still 

'It IS perfectly e\ident that Lady Marj-- does not mean to say that veins were 
actually opened and the -virus placed in them, but that the skin was merely 
scratched 
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uninfected, inoculated at his ovm expense He had only a country practi- 
tioner and country nurses to depend upon, and above tvo thousand persons 
were inoculated Only thiee people died, an infirm unhealthy woman, a 
man past eighty years of age, and an infant wdiose mother afterward con- 
fessed she kneiv it had already caught the disease, which, in her ignorance, 
she supposed inoculation was to cure For several succeeding years the 
smallpox scarcely reappeared in that district 

The only recent leference to inoculation which the wiiter has found is by 
Plehn, who describes the process as practiced now in central Africa The 
upper arm is used as the site of inoculation, and the contents of fresh pustules 
are introduced into mcisions made with a sharp knife The result is never 
a general infection with smallpox but the formation of typical vaccine 
pustules which m no way can be distinguished from those produced by 
vaccination In many cases a group of pustules formed around the site of 
inoculation, or scattered pustules over the entire body He never saw a 
serious illness nor a fatal case 

Notwithstanding the mildness of the disease so produced, there is no 
diminution in the virulence of the virus which is pioduced m the lesions A 
case of variola inoculata is just as able to transmit the disease m its most 
virulent form as is a case of variola vera It was this which led to the 
prohibition of the piactice in England Circumstances may arise even now 
under which inoculation may be necessary, as when m the absence of any 
means for vaccination the exposure of unvaccinated individuals to the disease 
IS inevitable 

Experimental Smallpox -—But little has been done in the experimental 
study of smallpox Zulzer, in 1874, was the first to inoculate monkeys, and 
showed that they were susceptible to the disease and that an exanthem 
developed There are reports to the effect that the disease may occur under 
natural conditions but these aie not well attested Andrew Andeison, in his 
book on fevers, gives an excerpt from a letter that he leceived from a friend 
who was traveling in Central America 

“In the year 1841 I was in the province of Veragua, m New Grenada, to 
the north of the Isthmus of Panama, and left the town of St Jago, on the 
western coast, for David, in Cheriqui, a town in the interior, about 60 or 70 
miles to the northwest (and leeward of St Jago) The smallpox was raging 
■with great violence in St Jago, but there was no appearance of it in David 
A few days after my arrival theie, taking my customary morning’s nde m 
the forest, which teems u ith animal life, I ii as struck by observing one or two 
sick and apparently dying monkeys on the ground under the trees The next 
morning I was struck by the same singular appearance (for it is very unusual 
to find a wild animal sick — they instinctively hide themselves), and by 
thmlang that I perceived several on the trees moping and mo^^ng about m 
a sickly manner, I consequently dismounted and carefully examined two, 
•which were on the ground — one dead, the other apparently dying, and after 
careful examination no doubt remained in my mind that they u ere suffeimg 
and had died from smallpox They presented every e-vidence of the disease, 
the pustules ere perfectly formed, and in one instance (that of the djang 
one) the animal was nearly quite blind from the effects A few days after- 
ward (I think about four or five days) the first case of smallpox appeared 
among the inhabitants of Dawd, and m the course of a fortnight one-half of 
the inhabitants w as stricken ” 



SMALLPOX 


273 


The most extensive experimental study of smallpox was made byBnncker- 
hoff and Tyzzer, m the Philippine Islands They found that Vdccmia in the 
monkey runs a course comparable to that in man, that no exanthem is 
developed, and that only the cytoplasmic forms of cytoryctes occur m the 
epithelial cells The result of their study of variola inoculation shows that 
after skin inoculations, a local lesion which reaches its acme on the seventh 
day develops, and this is followed by an exanthem wdnch in the majority 
appears on the eighth day after inoculation and has a duration of five days, 
the first twm of w^hich are employed m giowth and the last two in healing 
The regional lymph nodes show an enlargement on the fourth and are 
markedly enlarged on the fifth day The constitutional reaction occurs at 
about the height of the active phase of the primary lesion, that is, on the 
sixth and seventh day of the disease The temperature reaction begins on 
the sixth day and persists for tw o or three days The decline of the fever is 
by lysis The extent of the exanthem varies greatly In some animals only 
one typical lesion was present, w^hile m others over a hundred w^ere found 
As m man, the exanthem show's a partiality for certain regions The face 
w'as most often the site of eruption The exanthem presents the same 
histological features as m man The parasities are present m the same 
forms, but the nuclear inclusions, though constantly present, aie much fewer 
m number than they are in man It w'as hoped that by the use of the 
anthropoid apes a disease more closely akin to the natural disease might be 
pioduced, but the inoculations of the orang-utan gave results similai to those 
obtained on Macacas cynomologus, w'lth the exception that the nuclear 
forms of parasites w'ere more numerous Inoculations w'ere made in the 
mucous membrane of the nose, mouth, and palate of the monkey, but were 
not so successful as m the skin The constitutional reaction w as less marked 
and a general exanthem developed in only 2 out of 19 animals used As it 
seemed evident that the disease produced experimentally corresponded 
rather w'lth variola inoculata m man than w'lth vaiiola vera, numerous 
attempts were made to produce the true disease Both Macacas cyno- 
mologus and the orang-utan w ere in every w'ay exposed to infection, but to 
no puipose Thinking that the mode of natural infection w'as by the 
respiratory passages, smallpox virus m various forms was blow'n into the 
lungs, with the result that a lesion w'as produced in the lungs which w'as 
follow ed by an exanthem w Inch w as more abundant than m the case of skin 
inoculation, but w'hicli occurred at the same time after the inoculation The 
viius was also injected into the blood m a single instance w-ithout changing 
eithei the period of incubation or the character of the eruption, though it 
W'as more abundant 

It IS ewdeiit from these experiments (1) That the monkey alone of all 
animals expeimiented upon is susceptible to smallpox (2) The form of 
disease produced by inoculation is allied to, if not identical with, \ariola 
inoculata in man The period of incubation of six or seven days is shorter 
than in true smallpox, the initial stage (two days) is shorter, and the eruption 
IS less abundant (3) Thelnonke^ is not susceptible to that form of infection 
which in min piodiices lariola vera (4) The inoculated smallpox m the 
monkey confers immunitj to both vaccinia and to smallpox 

ith our present knowledge of smallpox it is not possible to advance a 
thcon of the disease which conforms to wlnt appears to be known and 
which IS explanatory Of the mode of infection we are ignorant The 
\ol.2— 18 ° 
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hypothesis which seems most plausible and which is most generally held is 
that infection takes place by the reception of the air-borne virus on the 
respiratory mucous membrane The organism increases m the favorable 
soil and produces a local lesion — ^the so-called protopustule from which the 
infection of the blood takes place Blood infection is marked by a sharp 
onset, and the skin eruption is embolic in character 
There are objections to this view In the 54 autopsies made m the Boston 
epidemic a most careful search was made for a lesion which could be inter- 
preted as such a protopustule and it was not found The period of incubation 
which should correspond to its development is without symptoms It is 
possible that it might have been present and healed without producing 
symptoms or perceptible remains of a lesion Lesions of tuberculosis con- 
siderable in extent may be present in the lungs without producing symptoms 
If we can judge by the character of the protopustule which is produced by the 
inoculation of the skin, such a lesion in the lung would have produced 
sjmiptoms The lung tissue does not seem to be a favorable soil for the 
development of specific lesions Tliej' are but rarely found in the bronchi 
and not at all m the lungs In support of the protopustule idea, cases have 
been known in which accidental infection of the skin and mucous membrane 
has been follov ed by an eruption But these seem rather to have been cases 
of variola inoculata than of variola vera Variola inoculata is produced in 
monkeys by blowing the virus into the lungs It is known that the Chinese 
inoculated for the disease by placing crusts from the eruption into the nostrils, 
but whether the disease produced was vera or inoculata is not known 
Any theory of the disease must take into account the three forms From 
the contents of a smallpox pustule in man there ean be produced vaccinia 
in the rabbit and calf, variola inoculata in man and in the monkey by skin 
inoculation, and probably variola vera in man by infection in an unknown 
manner We cannot explain variola inoculata by the site of inoculation 
We know that in other diseases the course of' the disease may be modified 
by the locus of inoculation, one locality offering a more unfavorable soil than 
another The disease m the monkey is the same whatever site be chosen, 
and we do not knoiv that it would be different m man It is always assumed 
that the virus is contained in the skin lesions, and there is much evidence for 
this They certainly contain virus which vnll give rise to vaccinia and to 
variola inoculata, v Inch latter will m an unknown way give rise to variola 
vera, just as the latter will propogate itself 

We do not know when the general infection of the blood takes place The 
general disturbance which the onset shows has been regarded as evidence 
that blood infection takes place at this time, and the geneial disturbance may 
mean that the organisms have at this time been destroyed m the blood and 
the toxin set free It is not at all necessary to assume the existence of a pro- 
topustule, for in variola vera the entire stage of development may pass in the 
blood We know nothing of wdiat takes place during the stage of incubation 
It IS difficult to explain the eruption otherw ise than as due to a deposit of the 
organisms in the skin by means of the blood Their de\ elopment m the skin 
is not incompatable with the assumption of blood immunity, for there they 
would be wnthdrawn from the action of the germicidal factors 

In all of the investigations of the blood, made in Boston, the organisms 
have not been found m the circulation It has not been possible, however, 
to examine the blood in the period of incubation at winch time it seems that 
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the blood infection most likely takes place In examinations during the 
initial and eruptive stage, organisms were not found in the blood, nor did the 
inoculation of the cornea give a positive reaction It would seem that pur- 
puric smallpox must differ in some way from the general course, but m what 
the difference consists is unknown It cannot be a matter simply of di- 
minished resistance of the individual to the organism permitting an enormous 
increase, for there would then be transitions between the purpuric and the 
ordinary forms It wauld be possible to explain it either by the assumption 
of absence of a general blood immunity, or of the destruction of the blood 
complement permitting an unlimited infeetion by stieptococci 

Although bacteria can be excluded as a primary cause of smallpox , they 
play a prominent part in its pathology The writei is inclined to regard 
bacterial infection as more important in bringing about the fatal termination 
than the specific parasite It is impossible to say to what extent the lesions 
in internal organs are due to bacteria and their products Some of them, 
notably the changes in the blood and blood-forming organs, and those in the 
testicle, are probably specific, and due to the action either of the specific 
parasite or its toxins The vriter has never been able to demonstrate the 
parasite in the lesions in the testicle, though Brinckerhoff and Tyzzer have 
found it in lesions of the seminal vesicle produced experimentally in the 
monkey The degenerative lesions are very much the same as m other 
infectious diseases in which there is a combined bacterial infection There 
is also evidence of the absence of tissue inhibition to bacterial invasion and 
growth given in the abundance and character of the gro^\th in the tissues 
The bacteria are chiefly streptococci There is analogy m respect to the 
importance of the part played by bacteria in the other exanthemata, notably 
in scarlet fever 

It has been shown that the immunity conferred by smallpox and vacci- 
nation IS due to a bactericidal or germicidal property acquired by the blood 
serum (Sternberg and Reed, Beclere, Chambon and Menard) In the com- 
parative study of smallpox and vaccinia in the monkey, the unexpected 
fact vas developed that the immunity produced by vaccinia was stronger 
than that jiroduced by variola inoculata The vaccinal immunity pro- 
tected peifectly against both vaccinia and vanola inoculation, vhile 
that produced bj’’ smallpox inoculation protected from smallpox but only 
imperfectly from vaccinia The study of the period of immunity develop- 
ment by daily inoculation and vaccination showed that the immunity pro- 
duced by variola inoculata appears between the fifth and the eighth days 
and the exanthem develops in an immune animal The immunit}' which 
IS produced by vaccination in the monkey appears betw een the sixth and 
the eleventh days 

There are certain questions 11111011 present themselves These relate, first, 
to the parasite and its hfe-history, second, to the interrelationship of vanola 
icra, lariola inoculata, and vaccinia, third, to the immunity and its mode of 
production, fourth, to the mode of production of the exanthem, fifth, to the 
rnodc of infection in vanola lera There is some positive knowledge on all 
these points, but there is jet lacking the chain which wull so connect them 
that the disease as a whole becomes clear 

Symptoms The penod of incubation has been more accurately deter- 
mined in smallpox, owing to the suddenness of the onset, than in any other 
infectious disease It is but rarelj’ that cases suitable for this determination 
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are found, and they are more apt to be sporadic The exposure must be but 
once and for a short time A sufficient number of such cases liave been 
recorded by competent observers All are agreed in placing the time betv ccn 
ten and twelve days in the great ma 3 onty Welch and Schamberg have seen 
cases m which it was sixteen days and one in which it was five and one-half 
days Knecht reports one case of seven and one-half days 

In general the length of the period of incubation is of no influence in 
determining the character of the disease Zuelzer says that m purpura 
variolosa the period is shorter, being from six to eight days m 9 cases In the 
10 cases of this seen by Bancroft, the period could not be determined 
Usually there are no symptoms, the individual being in perfect health and 
pursuing his occupation until the onset Curschmann found m 11 out of 
1,000 cases, indefinite symptoms such as languor, pain in the head and back, 
or slight gastric disturbances The rarity inclines one to believe that vhen 
such symptoms are brought out by questions, they are imaginary or have 
nothing to do with the disease 

The initial stage (the period between onset and the appearance of the 
eruption) is found in practically all cases, and forms one of the most charac- 
teristic features of the disease, it is even more characteristic than the 
eruption, for this may be absent (variola sine exanthema), or atypical 
(purpura vaiiolosa) The duration of the initial stage is usually three days 
Bancroft found vanations from this m 263 out of 530 cases In 7 the initial 
stage was absent or the symptoms were so slight as to be unnoticed, in 26 
it lasted for one day, in 91, for four days, and in 139, for two days Analysis 
of these cases shoived no relation between the length of the initial stage and 
the severity of the disease 

The onset is usually sudden and marked by definite S}Tnptoms, such as 
great depression, headache, backache, chill, and vomiting, occasionally it is 
gradual and accompanied by malaise, fugitive pains, and gastric disturb- 
ances The severity of the initial symptoms vanes, but there is little relation 
between the initial severity and the character of the disease, since very light 
cases may begin with stormy initial symptoms Mild initial symptoms as a 
rule preclude the more severe forms The depression may be marked, there 
IS a feeling of weakness and giddiness, wuth disordered consciousness It 
not infrequently happens that individuals found on the streets in this con- 
dition are taken up by the police as being drunk, and the true condition 
becomes apparent only wffien the eruption appears The depression is much 
greater than in typhoid fever, for in the depression of smallpox the patient 
IS unable to stancl, or staggers as if drunk When brought into the hospital, 
the face appears sunken and pale, the features expressionless, the extremities 
cold, and the pulse small and frequent The patient gives the impres- 
sion of one overwhelmed by a poison Children frequently shoiv the 
beginning of the disease by general convulsions Other disturbances of the 
central nervous system are seen Insomnia, in part due to pain, is common 
even in the mild forms of the disease Somnolence, sometimes to the extent 
of coma, IS seen, especially in children Bancroft saw one child in the status 
epilepticus with constantly recurring convulsions for an entire day jMany 
patients complain of ternf^ung dreams, and wull even try to keep awake to 
avoid them Delmum is common and is usually of the tjpe seen in drunk- 
ards In spite of the delirium the patient may be roused and made to answ er 
questions Sometimes the most violently dehnous will suddenly become 
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rational Catatonia and sensory disturbances in the form of local anies- 
thesia have been described Bancroft saw disturbances of speech exclusive 
of those incidental to delirium, in 3 cases, — in 1 consisting of a slight stam- 
mering, and in 2 of a transitory aphasia lasting from the first to the fifth days 
Headache as an early symptom is common, it is usually seveie and often 
sharp and agonizing to such a degree that patients make violent outcries and 
grasp at the head It usually extends over the entire head, or may be con- 
fined to the forehead and temples It is often deseribed as though a band 
wei e encirelmg the head, or as a lancinating throbbing pain It may continue 
unchanged during the entire initial stage and gradually subside as the 
eruption appears Backache, usually localized m the lumbar region, is a 
well-known symptom This has especial importance m the early diagnosis 
because it appears m no othei acute febrile disease so frequently or with 
such intensity Sydenham compares it to the pain of kidney colic It may 
be accompanied by pain m the thighs, hips, bones, and joints, or extend 
over the sides and simulate the pain of pleurisy Pain and stiffness in the 
muscles at the back of the neck is not uncommon The pain may occur 
with the onset of the disease or in the last days of the initial stage, and 
usually disappears as the eruption comes out 

Gastric disturbances are common during this stage, at the onset m the 
form of nausea and vomiting, and later as anorexia and vomiting The 
tongue IS usually covered nitli a whitish-yellow coat and bears the marks 
of the teeth, the breath is offensive Injection and swelling of the tonsils 
and pharynx are often seen, and pain is complained of by Jhe patients 
In those cases with pharyngitis there is apt to be a more extensive eruption 
on the mucous membiane than in the cases without this symptom 

hlcnstruation appears almost regularly in the initial stage, even when 
the regular pciiod has not arrived, and is usually abundant This may be 
of importance in the early diagnosis of the disease In pregnant women 
miscarriage is common at this period 
A chill more or less definite m character usually marks the onset The 
temperature rises rapidly to about 104° F and remains at this height with 
slight morning remissions for about three days In the lighter cases the 
temperature falls to normal at the end of the third day, in the more severe, 
the decline is gradual and the return to normal not completed before the 
fifth or six day of the disease With the fall in temperature the eruptions 
appear, the full development of nhich is reached after normal temperature 
IS established In a case of moderate severity the temperature usually 
reaches the normal point tno dajs after the beginning of the eruption 
The pulse and respiration are increased m proportion to the degree of the 
fe\er The mine at this time usually contains albumin and presents the 
characteristics common to febrile diseases The spleen is variable, some- 
times being enlarged, usually not The initial illness may be so severe that 
the patient raa"^ die before the appearance of the eruption (variola siderans) 
The recognition of the appearance of rashes during the initial stage of 
smallpox is of coinparatnely recent date It seems hardb possible that 
the^ eould ha^e been oAcrlooked by the earlier observers, and it has been 
supposed that thev did not oecur Sydenham makes no mention of them, 
but then he did not clearly distinguish purpura variolosa from ^a^ola 
hemorrhagica, although he must ha^e seen both tiqies, nor did he distinguish 
varicella from variola The rashes A\erc seen bj some obsersers vho 
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i^garded them as due to mixed infection with measles or scarlet fever 
^le first description of the rash was given by Rembold, in 1840 He says 
Cases are seen wluch have been regaided as a combination of smallpox 
with other diseases I have obseived cases of this soit at different times, 
and hold another view legaiding them, namely, that they are not inde- 
pendent exanthemas appearing simultaneously with smallpox, but a con- 
dition of the skin which seems to intioduce the smallpox eruption ” The 
classical desciiption of the lash is by Simon, in 1870 Its frequency varies 
greatly in diffeient epidemics, but it is never common Bancioft observed 
initial rashes in 16 of the 1,200 cases seen by him The rash may be eiythem- 
atous or petechial, and may last from a few houis to several days The 
erj^hematous lash usually appears on the second day of the disease, reaches 
Its full development on the third day, and finally disappears before the 
development of the specific eruption The rash varies from a mere flushing 
of the face to a general eiythema in which the entire body is of a bright-ied 
color It IS often faint over the lower extremities, even when intense else- 
where, and it may be mottled, alternating with areas of normal skin The 
eruption may be composed of fine macules 
The second and the more common form is the petechial It may occur 
alone or associated with the erythema It may appear as a diffuse, daik- 
red erythema, which only upon pressure discloses bright-red round or oval 
petechial from 1 to 2 millimeters in diameter Bancroft found the 
petechuB to be numerous in scar tissue, particulaily in the Imeie albicantes 
of the abdomen The petechial rash lasts longer than the erythema Its 
appearance changes rapidly after the third day, when the associated eiy- 
thema disappears and the petechiae become yellowish blown and at the 
end of the week generally disappear The favorite seat of the petechial 
eruption is the lower abdominal region, together with the genitals and the 
inner surfaces of the thighs With the patient lying on the back with the 
legs m contact, the affected area takes the foim of a triangle, the apex of 
which IS toward the pubes and the base crosses the abdomen transversely 
in the neighborhood of the umbilicus It may also extend up the lateral 
surfaces of the tiunk to the axilla, and fiom this point it fiequently invades 
the axillary folds, the contiguous poitions of the aim, and the pectorahs 
major muscle, foiming the biachial tiiangle of Simon Curschmann says he 
has seen in women, a maculai initial eiythema aiound the nipples in cases 
otheiwise free The i ashes are as common in men as in women, and have 
no prognostic importance The fact that the j^etechial rash appears on 
parts of the body which aie compaiatively little invaded by the pock eruption 
has led to the idea that they piotect the paits from the poclcs, but theie may 
be a full development of pocks in the region formerly occupied by the rash 
There is another form of rash which develops late in the disease, v itliin or 
following the peiiod of ciust formation Bancroft observed this in a small 
number of cases all of which with one exception occurred within a space of 
three months and near the close of the epidemic ICnecht was the first to call 
attention to these cases According to Simon there is usually no increase 
of fever with the eruption, or it is slight In most cases there is intense 
leddemng of the fauces and swelling of the tonsils Some of the cases of 
this which Bancroft has described depart so from the usual type that it 
IS difficult to avoid the conclusion that they were instances of mixed infection 
with scarlet fever Bancroft’s cases occurred in the more severe types of 
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smallpox, usually about the thirteenth day, and the rash was preceded by 
fever amounting to 104° F , headache, nausea, and vomiting m 7 cases 
The eruption commonly appeared either with the rise of temperature or on 
the day following, and closely resembled scailet fever In the more severe 
cases the erythema was general, m the lighter it was localized on the ab- 
domen, on the flexoi surfaces of the arms, on the legs, in the folds of the 
axilla, and on the groins Its duration was ordinarily from two to three 
days, and it was followed by desquamation In two cases there vas an 
associated suppuration in the region of the elbow One case which shoM ed 
a rash on the ninth day of the disease, accompanied by fever on the ninth, 
twelfth, and fifteenth days, was discharged from the hospital on the twenty- 
fifth day, itli desquamation incomplete Eight days later a member of his 
family was admitted to the scarlet fever ward of the Boston City Hospital, 
with no known source of contagion On the other hand, Bancroft, who was 
constantly exposed to cases of this sort, six months later, after the conclusion 
of the work at the smallpox hospital, contracted scarlet fever 

The end of the initial stage is marked by a decline of temperature, which 
may reach normal, and a general abatement of all the symptoms The 
intellect becomes clear, sleep is restored, the headache and pain in the back 
cease, and the patient may possess a good appetite and normal digestion 
In this we have another peculiar and chaiacteristic feature of this remarkable 
disease 

Eruption. — ^The eruption is preeeded by a diffuse erythema most marked 
on the forehead The eruption varies ividely according to the part of the 
body involved and the thickness of the skin Patients ordinarily notice it 
first on the forehead and wrists Close examination may show a few macules 
on the abdomen before these regions are affected 
The lesion fiist appears as a small red maeule 1 to 3 millimeters in 
diameter which in the beginning is slightly indurated It becomes pale on 
pressure, on removal of pressure the blood quickly returns A capillary 
pulse IS often seen in the macule, and most readily immediately after the 
removal of pressure Within the middle of the macule there appears a 
small gray spot vhich gradually becomes filled with fluid It increases in 
size, chiefly at the periphery, so that the periphery rises above the level of 
the centre, producing a crater or umbihcation It becomes a tense hemi- 
spherical elevation, generally umbihcated, though it may be rounded, con- 
tains a gray transparent fluid, and is surrouned by a red areola The pock 
gradually assumes a yellovish tinge and by the eighth day of the disease 
it IS filled n ith a distinctly puriform fluid It is not possible to empty either 
the vesicle or the beginning pustule by a single puncture The fluid is 
contained m a number of cavities within the epidermis, and these do not 
communicate until a very late stage of pustulation Close examination of 
the beginning \csicle, using a magnifying glass in bright light, shoi.s that it 
is composed of a number of ^ery minute clear points winch correspond to 
the single collections of fluid in the epidermis From the climax of de\elop- 
nient shovn by the large tense umbihcated pustule, a gradual retrocession, 
beginning usualh on the tenth day, takes place The lesion becomes less 
contents disappear, and it becomes converted into solid 
reddish-brov n material Tins for a time is closely adherent, but later 
separates and falls oft as a flat, hard, circular disk of an average diameter of 
3 millimeters In the beginning the macule is usually slightly indurated. 
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and with the increase of the exudation within the epidermis the induiation 
increases In both vesicles and pustules the induiation is inaiked, it is 
distinctly ciicumscribed, and gives the impiession of a shot beneath the 
fingers 

In the lesions on the face the initial induration is moie marked than 
elsewhere The early lesion of the lace is a papule often ivith a shalloiv 
depression at its apex The evolution of the lesion is here more lapid than 
elseivheie, and the pustulai stage more quickly reached, the climax of 
development occuiiing on the eighth oi the ninth day By the ninth day, 
in all but the hghtei cases, an exudate appears upon the suiface of the pock, 
consisting of a thick yellowish mateiial which soon dries into a gray or 
greenish-giay crust ^\hen the lesions are close together this may com- 
pletely envelop the face and haiden into a tough brown maik When the 
pocks aie separated, the exudate in diying foims a disk upon the apex of 
the pock Upon the scalp the lesions appear later than they do upon the 
face and may cause gieat pain 

Upon the hands the eruption is abundant, and the tension pioduced by 
the poclis and the accompanying oedema causes gieat pain The pain is 
intense wdien the pocks develop beneath the nail The patient usually 
assumes a chaiacteiistic attitude, elevating both hands and spreading the 
fingers as wndely as possible When the homy layer of the epidermis of the 
hands is thick, the pock may pass thiough all of its phases without distinctly 
elevating the suiface Aftei the absoiption of the fluid of the pustule, laige 
disks remain beneath the horny layei, wdneh must be picked out before the 
patient is dischaiged fiom the hospital It is a common sight m a smallpox 
hospital to see convalescing patients lelieving the monotony of idleness by 
picking the dislcs from the soles and palms of one anothei 

The eruption on the trunk is latei in appealing than on the face or on 
the arms It is usually less abundant on the abdomen and m the gioins 
than elsewhere It is profuse on the back, especially in its uppei pait, 
and here the lesions aie geneially accompanied by an extensive area of 
eiythema surrounding the aieola, forming iiiegulai rectangular aieas, the 
long axes of which are parallel wnth the iibs This ei^dhema peisists until 
the pustular stage is i cached In general the lower extiemities exhibit the 
eruption later than any other part of the body, although a small aiea of 
pock formation may appeal veiy eaily upon the innei aspect of the thigh 
The leg from the ankle to the knee is often almost wholly fiee fiom the 
eruption 

The development of the pock is accompanied by oedema of tlie cornim 
and subcutaneous tissues This is most marked on the face and eyelids, 
often causing complete closure of the eyes, — Sydenham says “the eyelids 
themselves being no bad lepresentations of an inflated and translucent 
bladdei drawn acioss the eyes” The swmllen countenance coveied wnth 
brownisli-yellow" ci lists, the closed eyes, the thick proti tiding lips dribbling 
saliva, and the uplifted hands, give a teiiifying aspect to the patient 

The lesions on the face diy fiist, next, those on the arms, later, those 
on the trunk and the low'er extremities In children, ownng to the thinness 
of the epideimis peimitting the fluid of the pock to come through, and 
owing to the gi eater tendency to in-)ury of the lesion, crust formation is 
more common than in the adult The crusts of the indmdual lesions fall 
off, and sometimes the cpideimis of the palm oi the sole is cast oft in one 
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Sixth Day of Eruption (Welch and Schamberg ) 
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Ei0htli Day of Eruption (V^^elch and Schamberg ) 
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Tenth Day of Eruption (Welch and Schamberg ) 
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Sixteenth Day of Eruption (Welch and Schamberg ) 
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After Recovery Scarring Present, but Not Deep 
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piece, carrying the disks upon its inner surface Scars result uhen the 
lesions are sufliciently deep to destroy the papillai The extent and character 
of the ucatiix depends upon the depth of the lesion In stud> mg the healing 
lesions in eveiy stage the writei never found any regeneration ol the papilla; 
In seveie cases the nails fall ott, and in ncaily all eases the hair is lost during 
com alescence 

The eiuption on the mucous membranes is typified b-^ that on the soft 
palate It begms here, often bcfoie the appeaianec of an> lesions upon the 
skin, with the formation of a papule The papule de^elops into a \csicle 
wliieh luptuies, foimmg a deep white ciosion The rupture takes place so 
caily that m but one oi two instances has the writei been able to find un- 
iu])tuicd lesions at autopsy The eruption is most abundant upon the soft 
palate, although the entiie mucous membrane of the fauces may be aftccted 
The pocks may develop at^^)lcally One of the most common vaiiations 
seen m sevcie eases is dcla'^ m the csolution ot the eruption, whereby the 
pocks, which in hghtci cases aic well filled out and pustulai by the eighth 
day, do not leach then full development before the twelfth day Another 
atjpical condition is seen oceasionallj tow aid the fatal teimmation ol the 
disease Instead oi developing into full, loundcd pustules, the poeks ma'v 
remain umbilicaled, oi even flatten down, puckeimg in the centre, and 
presenting a dull giat instead of a yellow color 

Not inficquently, and m cases which do not belong to the hcmorihagic 
tiqic, the ccntie of the pock becomes daik-icd from hcmoriliage Tins 
coiulition is seen most ficqucntly m the lesions of the forearms and legs 
In ccitain cases the dewelopmcnt of small vesicles is seen, which have nothing 
to do with the pock foimation but aie due to the ele\ation of the entire 
cpidciinis bt the a'dematous fluid coming through They lary in sue from 
small foci, no laigcr than the beginning small pock vesicle, to large bulla' 
Thci inai be filled with clear fluid or the fluid m.iy be dark from admixture 
with blood The bulla; may occur m the midst of pustules, m which case 
these aic elc\ated or split hoiizontalh Similar vesicles may be seen m the 
mucous membranes 

An'\ condition which giics use to an> irritation of the skin influences the 
c'ruptiou, piobabh b^ causing increased x'ascularit> The eruption is often 
jiecuiiaih abundmt on the neck, where the collar is worn, along the line 
of ])r(ssiirc at the waist, and, m women, where the garter is worn In a 
musician tlicie was an abundant eruption on the shoulder where the bod> 
of the Mohn rested There haxc been many obser\ations of an abundant 
eruption m aieas of Inqiera’iiua produced b> a mustard plaster or iodine 
.\n irei of aliiasion of the skin produced during the stage of incubation was 
siirioiinded b\ groups of pustules On the other hand, one patient came into 
the liospitai with an antiseptic drexssmg around the foot and lower leg which 
was illowcd to remain There was a ^c^^ abundant eruption elsewhere on 
(lie both and a total absenee of eruption m the area beneath the bandage 
\ccordmg to the charictcr of the eruption, smallpox lias been dnided 
111(0 1 number of \ari(ties It must be remembered (hat such a ilnision 
js^ artificial and (he i iricties merge into one another be intermediate forms 
'I he t^qllc il eases of each %aricla are, howe\er, f iirh distmctne 
Vanola Without Eruption — This is the febns xanolosa of &^dcnhaln 
In (lie ijiideimc m Boston cases of this were seen It appe irs as illnes-, of ,in 
iiulefinite cliirictcr, occurring chicfh in hospital attendants on the twelfth 
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day after exposure to smallpox The symptoms consist m headache, pam m 
the back, fever, and nausea They may be so slight that the individual 
pursues his ordinary vocations, or they may approach in severity an ordinary 
initial stage The symptoms last two oi thiee days and then suddenly abate 
The condition was well marked in one of the physicians investigating the 
disease during the Boston epidemic m 1901 Characteristic initial rashes 
may appear during the attack One patient, a pregnant women, remembered 
having a headache about two weeks after exposure to the disease, but was 
not otherwise affected Her child showed a typical eruption when two days 
old A group of 3 cases which appeared in one of the large hospitals m 
Boston, the onset in vhom was nearly simultaneous, was tiaced to a ward 
tender who had an attack of what was supposed to be the “gup ” As the 
disease is capable of being transmitted during the initial period and before 
the eruption, the importance of the recognition and the isolation of such 
cases during an epidemic is obvious 

Mild. Smallpox — ^The teim vaiioloid (resembh'ng smallpox) should be 
excluded from the nomenclature of the disease The initial peiiod m this 
may be typical and severe oi mild The symptoms suddenly abate, and 
are followed by an eruption which may consist only of a few pocks Welch 
and Schamberg report a case m which but a single pock appeared The 
pocks are usually small and superficial, and may easily be oveilooked or 
their nature unsuspected Inquiry at the time of removal to the hospital 
of a patient with well-marked smallpox, often brought to light the fact that 
about two weeks previously another member of the household had been 
sick, who, upon examination, showed a few healed pocks In one such 
case the crust of the “pimple” from a suspected individual gave the charac- 
teristic corneal reaction in the rabbit In these slight eruptions the pocks 
aie apt to be most abundant on that part of the body most subject to the 
eruption in the Avell-marked disease Some pocks aie usually found on the 
forehead They may heal without leaving a perceptible scar Usually an 
individual with a slight eruption of this sort is able to follow his occupation 
Unless the pocks are faiily numerous on the face, the disease will be entirely 
overlooked There is no doubt that the disease is frequently spiead by these 
mild cases The habit of calling such cases varioloid has done much evil 
The chaiacter of the disease is not at all influenced by the character of the 
attack from which the infection is derived Cases oi confluent and purpuric 
smallpox are just as apt to follow infection by these mild cases as from any 
other form 

In the pandemic of 1901-02 in certain parts of the West and South, most 
of the cases were of this mild variety The writei had the opportunity of 
examining the lesions removed duiing life from a number of these Histo- 
logically they presented no difference from the same stages of lesions in the 
severe cases Both the protoplasmic and the intranuclear forms of the 
cytorcytes were present in the same numbeis and relations Such cases are 
now rarely found except in vaccinated individuals They may occur in 
unvaccmated individuals, as is evident from the descriptions of the disease in 
the prevaccination period and in epidemics which take a very mild course 
The mild cases are certainly very much more prevalent toward the close of an 
epidemic than at any other time 

Abortive Smallpox — ^There is properly a distinction between this and 
the mild, but it is often used to designate the same condition It includes 
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iho'^c cnsc,^. in winch (ho lotions an nnnnicnis m (lu lioginninp, appear to 
be follow inp the UMial conr'-i, and Muldonh ahalo Tin initial stage ina> 
be mild, oi of (he most st\cre t^pl, accomp.inud b\ dthriiim and uncon- 
scioiisiu.ss, and continue for four or li\e dins The lesions nun be smaller 
and more siijicrhcud ihiin usual 'i'he \(si(h di\(lo|)s on the ajiev of the 
p'lptih . lu'M r complete h lepl leing it, and on (he (ifth and sixth chns, inste.id 
of Ik coming a full, tense pustule, collapses and dries up, foiming .i thin 
brown crust wliieh is soon de sepi iinatc d .Such cases of abortne smallpox 
ha\e an interest in that tliiw him been confounded with \aricellaand lime 
led lie bn .ind others to dein theduditi of the two elnc iscs 'J'his modihea- 
(lon of the ordinari c ruption is se Idom m imfe ste d be all the pocKs upon the 
hoeh , more commonh certain Ic sums continue to dc\elop into fulh formed 
pustules, so that scittcrcd among the abortne pocKs are occasional t\j)icd 
pustules Tlic lesions of (he lower cxtremilic-s show the Ic.ist tendency to 
modilieation 

Discrete Smallpox — This is the ordmart form, and includes all (hose 
cases 111 which (he k'sions are not sudicicnth numerous as to be confluent 
Attacks 111 which the lesions an c\ir\whc‘rc discrete iisualh follow a mild 
course In ."iJ autopsu s no cases with wc‘ll-dc \ eloped pustules were 
found in which there w.is not some eonfluenee 'J'lu eases without con- 
fluence were those whieli died in an earh stage of the discisc be foie (he 
eruption was fulh developed, or those in whom (he eiu])(ion followed an 
atvpical course 

Confluent Smallpox — In this the eruption is so abundant that the 
lasions do not develop inch jk luhmtlv but in the course of (heir formation 
merge into one another riistulesinm be verv eloselv set and be scemmglv 
confluent when (hev are not reallv so, the single lesions being seiiaratcd 
b> short intervals Confluence (akc's pi ec during the eaiih active period 
of the development hroiii the histological stiidv of (he lesions it is evident 
(hat (he development does not take place chfluseh over a large area of the 
skin, but from single foci which in the couise of their dc vclopmcnt coalesce 
with those immcdiatch adjoining 'I'he confluence takes place m those 
parts where (he eruntion is iisiialh (he most abundant, most frecpieiith on 
(he face The eonfluenee mav be ajiparcnt at (he end of the first week of 
(he disease The eonfluenee is sccai, next to the face, most fice|uentlv m 
(he eruption on (he ankles, on the doisiim of the font, on (he hands, .iiiel on 
the arms In very severe eiuptions the lesions m.iv be confluent almost 
everywhere save on the trunk The eonfluenee undoubtedly signifies a 
more severe tvjie of the disease Theie is nothing m the eonfluenee pii se, 
it inerc'lj denoting a more abundant ciujitioii and complete development 
Sydenham calls attention to the impoitanee which the abundance of the 
eruption on the face pkiys in denoting (he seventy of the case It is laie 
to find a case of tvjiical confhicmt smallpox in an individual who has been 
vaec mated In the old ejiiclemies it often hapjienecl that the majoiity of 
the cases followed this tvpe 

Hemorrhagic Pustular Smallpox — A tendency to hemonhage m, and 
m the vicinity of, the ]iocks always denotes a giave foim of the disease 
The eruption in these cases is abundant, but fully developed pustules are 
not numerous The contents of the pocks may be hcmoiihagic, but the 
tendency to hemonhage is best maikc'd by the picsenec of petcchiie in the 
skin around them Such pctcehi.e aie seen chiefly on the face, legs, and 
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arms In one of our cases they were so closely set on the legs as to give 
the skin a deep-puiple color Small vesicles may be seen on the surface of 
the peteclme Bullas with hemoirhagic contents are also found Sydenham 
desciibed these and recognized then importance m prognosis He desciibes 
them appearing upon “a giound covered with innumerable pustules, con- 
spicuous in size and filled with a clear serum When the vesicles vere 
broken the skin underneath was black, and, as it were, mortified Death 
was the lot of all those whom I evei saiv with this fatal symptom ” Such 
hemoirhagic cases seem to occur by preference in drunkards and in individ- 
uals weakened by some antecedent disease The tendency to hemoirhage is 
not confined to the skin, but there may be hemorrhages in the mucous mem- 
branes Hiematuria in both this and purpuric smallpox may lesult from 
hemorrhage in the pelvis of the kidney 
Purpuric Smallpox — ^This is the most atypical and fatal form of the 
disease It is doubtful if a well-marked case ever recovers It is doubtful 
if a sporadic case would be correctly diagnosed, particularly if the physician 
weie unacquainted with smallpox It departs so much from the oidinary 
type that its status as a definite form of smallpox ivas not established until 
the German epidemic of 1870 It is evident that Sydenham did not recognize 
it The disease is most apt to be found m the midst of an epidemic, but can 
also appear sporadically The frequency vanes In the epidemic of 1901-02 
Bancioft found 12 cases in 1,200 It is generally held that it occurs most 
frequently in young and robust individuals, in men more often than in 
women, and that it is as apt to appear in individuals who have been vac- 
cinated as in those who have not In Bancroft’s 12 cases recent vaccination 
had not been practiced in any, although unsuccessful attempts had been 
made in 2 within the two weeks piecedmg the onset of the disease, primary 
vaccination in childhood had been attempted in 7, of which only 3, men of an 
average age of twenty-seven years, showed typical foveated scars, 3 were 
unvaccmated Ten of the cases were men and 2 were women, neither of the 
women was pregnant The average age was thirty-four years The onset is 
usually stormy, with chill, nausea, vomiting, and intense headache This 
IS not necessarily the case, 2 of Bancroft’s patients worked during the first 
two days of the initial stage The fever at onset is as a rule not so high as in 
oidinary cases Usually on the second day a superficial bright-red erythema 
resembling that of the initial rash appears, first on the chest, arms, and face 
Within twenty-four hours this may spread over neaily the entire body, and 
is accompanied by marked increase in the constitutional disturbances 
Seveie deep-seated and agonizing pain is felt in many parts of the body, 
including the bones and joints, but is most intense m the precordium and 
epigastrium The erythema changes from a bright-red to a dark terra-cotta 
color Petechial ecchymoses appear in it and may present little contrast v ith 
the general dark color In extieme cases the entire body takes a general 
daik plum color on which the peteclme and ecchymoses may be faintly seen 
There is gieat oedema, especially of the face In the mucous membranes the 
same tendency to hemorrhage is seen There is bleeding from the nose, 
and the nostrils may be partly occluded by the crusts of dried blood Bloody 
saliva, due to hemorrhage from the gums, trickles from the mouth, there is 
a cough vath bloody expectoration The tongue, though swollen and coated, 
does not show the same tendency to hemorrhage as the other mucous sur 
faces Women have abundant metrorrhagia, and abort if they are pregnant 
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The urmc is scant’^, liigli-colorcd, albuminous, bloody and contains blood- 
casts The pulse IS high and propoitionate to the fever In iiiaiij' cases 
death takes place before the del elopment of any eruption In some cases a 
feu superficial i esicles on the face or elseuhere may be seen In one ot the 
most tipical cases, the only evidence of the eruption ^^as a feu scatteicd 
vesicles around the ankles IndiMduals who h\e until the fifth oi sixth day 
of the disease niaj show the Ipcginning of a tj-pical eruption The sensorium 
IS clear even touard the last, patients nia} be drousj but thej can be easily 
loused and ansuer questions mtelhgcnth 

The relation of this form of purpura to smallpox is nou no longer in doubt 
It occurs onlj aftei exposure to the disease, and exposure to it ma'^ be 
follou ed by the t} pical disease All doubt is easih set aside b> the histologi- 
cal examination “of the skin This shous c^erJuhele the earliest lesions 
preceding the formation of macroscopic ^ esicles The foci are so numerous 
that had the disease progressed the entire bod^ uould have been covered 
by a confluent pock In all of the cases examined by the u riter, there u as an 
intense streptococcus septicannia There is no tendency for the disease to 
propagate itself , it maj arise from and gn e rise to the mildest forms of small- 
pox Death takes place at an a\crage of betueen four and five dajs from 
the onset It is rare that life is extended bei ond the sixth day 

The temperature curve in a case of discrete smallpox is almost as charac- 
teristic as the eruption There is a sharp rise of temperature at the onset, 
uhich IS maintained uith slight irregularities during the entiie initial stage 
It then falls, in some cases rapidly, in others by degrees, to the normal oi a 
little above and maintains this during the ^eslcula^ stage of the eiuption 
At the beginning of the stage of suppuration, at the end of the first u eek of 
disease, there is another rise, not so sudden as at the onset, nor does it 
ordinarily reach the same degree The temperature is maintained through 
the stage of suppuration until the beginning of desiccation, vhen it again 
falls, in some cases rapidly, in others by degrees There is much more 
irregularity in the second rise than in the onset Fig 24 shous a curve from 
an ordinary rather mild case of discrete smallpox 


Fig 24 
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There has been considerable discussion in regard to the pathology of 
the fever Pfeiffer regards the first use as specific and denoting the primary 
infection of the blood with the oiganisms which have entered from the 
hypothetical protopustule At this time the organisms are deposited in the 
skin, where a second crop of organisms is produced, which again enter the 
blood and give rise to the secondary fever There is not much in favoi of 
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this view The onset of smallpov denotes the sudden action of a toxin Not 
only the fever but the whole tram of phenomena, especially those in the 
nervous system, seem capable of explanation by this view only The writer 
IS inclined to regard the primary fever as denoting not blood infection but 
immunity At this time the organisms in the blood are destroyed and the 
toxin combined with them is set free Those oiganisms responsible for the 
slan eruption have been brought to the skin before This view is in harmony 
with experimental evidence, as to the time of immunity pioduction and the 
infectiousness of the blood No experimental study of the blood has been 
made during the stage of incubation The blood is not infectious so far as 
can be determined experimentally during or after the initial stage There is 
no wan ant for the belief that the second rise is anything moie than the fever 
of suppuration and due to absorption from the slan Its curve is in no way 
specific, and the fever vanes in degree with the severity of the pustulation 
The secondary fever does not necessarily take place Fig 25 is from a case 
of mild smallpox vuth high initial fever and sudden fall The low temperature 
was maintained during the course of the slight eruption 
While the fall of the secondary fever is generally by lysis, there may be a 
sudden fall as in the primary fever Fig 26 shows a case m which the high 
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secondary fevei fell suddenly in two days from a height of 106° to the normal 
Fig 27 shows a curve from a case in which there was a third rise comcident 

Fro 27 



with the appearance of the secondary scarlatmiform rash and which termi- 
nated fatally on the twentv-ninth day of the disease The secondary fever, 
bemff due to the suppuration in the skin and the absorption of the products 
from^this, will be influenced by the varying conditions of the suppuration 
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Both the degree and the duration of the secondarj fevei is in propoition to 
the severity of the skin lesions In slight cases it may not last more than three 
to si\ dajs, Vvhile in severe confluent cases it may last si\ to tvelve days and 
may merge into the fe\er due to complications In cases terminating fatally 
there is often a high rise of temperatuie preceding death Simon found tem- 
peratures of 110° and 112° F immediately aftei death In purpuiic small- 
pox, the temperature neither in the onset nor in the course of the disease 
reaches the height observed in ordinary cases 

Not only the fever but also the other phenomena of the suppurative stage 
denote toxic absorption Delirium is common, not onlj m alcoholics, m 
V horn the most violent forms are seen, but in other patients This is also m 
great part dependent upon the seventy of the eruption Patients m dehiium 
often strive to get out of bed and leave the hospital The u riter knov s of an 
instance m uhich a patient, m the active suppuration of confluent smallpox, 
succeeded m leaimg the hospital and uandeied through deep snow to a 
small ice-pond into vhich he uaded He was found after a lew' minutes, 
returned to bed, seemingly none the Avorse for his bath, and made a prompt 
recovery 

The Urine — ^Arnaud found albuminuria in 95 per cent of his cases, the 
amount varying from day to day Auche et Jauchcies found the toxicity of 
the urine diminished m the stage of suppuiation Roger found albuminuria 
not common It w as present m 15 pei cent of the mild cases, m 25 pei cent 
of the discrete, and m 28 per cent of the confluent 'Welch and Schamberg 
found albuminuria m 84 47 per cent of the fatal cases and m 50 per cent of 
the cases which recovered In oier half of the cases m wdiich it was present 
it W'ES discovered on oi before the fifth day of the eruption Tube casts 
were found more frequently m fatal cases than m cases wdiich lecovered 
They also found, agreeing with Arnaud, that there is great iriegulaiity m 
the character of the urine The urine would contain albumin and casts foi 
several consecutive dajs, then perhaps on alternate dajs, and then might be 
free for a w'eek or thereabouts, with a return a few days later 

From our examinations of the kidnej's, there w as nothing to indicate any 
special influence exerted on them by the disease other than that due to the 
c}4ological blood changes The degenerative changes w^ere such as usually 
accompany acute febrile diseases and are associated with a vaiying degree 
of albuminuria The cases of acute nephiitis occurred late in the disease 
and w^ere to be regarded as complications 
Leukocytes — ^The blood examination in variola at certain periods may 
assist in the diagnosis In a typical severe case m wdiich the lesions become 
confluent on the face and w Inch i uns its course to recovery w itliout complica- 
tions, the leukocyte curve shows as a rule a normal number during the febiile 
remission, followed by a rise, reaching its acme on about the eighth day of 
the disease It then declines slightly, rises again from the tw^elfth to the 
fourteenth day, and finally returns to normal during convalescence During 
the remission, from 8,000 to 10,000 per emm wall be found and at the height 
of the eruption from 12,000 to 16,000 An increase m the numbei of mono- 
nuclear cells IS generally found, but the variations in the total leukocj4e count 
are most influenced by variations in the number of polynuelear neutrophiles 
In very mild cases of variola vera the leukocytes do not exceed the normal 
limits In cases of mild discrete smallpox the leukocytes may show only a 
gradual increase during the evolution of the eruption In such a case the 
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increase in mononuclear leukocytes may be marked In fatal cases there is 
a terminal leukopenia and the leukocyte count is highest at the time when the 
remission of the fever is due, ranging from 10,000 to 14,000 per emm Cases 
complicated by a pneumonia show no coincident leukocytosis 


Fig 28 



Wild discrete smallpox Recovery v?ithoufc complications Eruption appeared December 21st 
Discharged well December Slst Onset severe, with delirium and con%ulsions Remission on 
the evening of the third day, and from that time on no clinical symptoms u ere obsoried save 
the eruption The skin lesions were few in number and principally on the face and legs 

In hemorrhagic pustulai smallpox there is a great increase m the leuko- 
cytes In purpuric smallpox there is marked leukocytosis The lowest count 
recorded in four cases was 16,000 and the highest 46,200 pei emm The 
mononuclear leukocytes are notably increased in numbei Normoblasts are 
frequently found 

The study of the stained smears m all types of the disease show the more 
or less constant presence of cells belonging to the leukocyte series but which 
are not normally found in the circulating blood 

The phenomena of leukocytosis in general may be reduced to a matter of 
numerical cell equilibrium The factors governing the leukocytes in the 
blood may be arranged under three heads (1) Those influencing leukocyte 
motion, by uhich the adult actively amoeboid neutrophile poljmuclear 
leukocytes are removed from the blood into the tissues and from the blood- 
forming organs into the blood stream (2) Those influencing cell differen- 
tiations, by means of which the adult cells are formed from the ancestral cell 
tjqies in the luemotopoietic organs (3) Those presiding over cell multipli- 
cation, Avhereby a sufficient number of cells is formed, upon which the 
preceding factors may wmrk 

Light IS throv n on the condition of the peripheral blood by the examination 
of the tissues, and particularly of the blood-forming organs One of the 
most striking things in the histological study of the smallpox process is the 
paucity of cells in the exudations In the skin lesions thei e may be extensive 
deo'eneration of epithelium and abundant fluid exudation without the 
pr^ence of a single foreign cell Exudation cells appear only in a late stage 
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of the skin lesions, and aie always fewer than would be found m any analo- 
gous process ol degeneiation and exudation due to bactciia The condition 
so commonly found in slun lesions ot all soils, that of polynucleai leukocytes 
advancing between the epithelial cells to the area of lesion, is not met n ith 
In the lesions of an acute endocarditis nliicli developed in a case of hemor 
rhaenc pustular smallpox, death occuiiing on the hfth day, no leukoc^les 
were found in the exudation Polynuclear leukocytes only appear in the 
lesions during the pustular stage Mononuclcai cells may also be seen in the 
pustule contents and around the vessels of the corium In the very seveie 
cases nlnch die duiing the fiist week of the disease, one is struck by the 
absence of polynuclear cells in the vessels of all the oigans The mono- 


rio 20 



Confluent emallpo'^ complicated with pneumonia, and fatal on the eleventh day Patient more 
or lesa delinous while in hospital During life no clinical evidence of pneumonia 


nuclear cells are present in great excess over the polynuclears The pre- 
ponderance of mononuclear cells in the vessels of the tissues is gieatei than 
is indicated by the differential counts made from the peripheial blood It is 
now accepted that the polynuclear cells aie formed by a piocess of diftcr- 
entiation from the myelocytes This takes place in the bone-man ow chiefly 
Under normal conditions the bone-man ow always contains an excess m the 
numbei of polynuclear cells When there is a sudden withdianal of these 
cells from the bloodvessels following injuries to the tissues, the cell equilib- 
rium in the blood is restored, fiist, by the entiy of the storage cells into the 
blood, and, secondly, by greater activity both in cell formation and differ- 
entiation in the marrow In early cases of smallpox both mairow and spleen 
are depleted of polynuclear cells In the early vesicular cases the mairow 
IS not hyperplastic The most numerous blood cells m the marrow are 
premyelocytes and ’arge basophilic cells Definite myelocvtes are not 
numerous, and the forms with an incurved nucleus and vliich are geneially 
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regarded as transitional forms leading to polynuclear leukocytes are also 
lare Cells similar to those found in the marrow are also found m laro'e 
numbers m the lymph nodes and in the spleen In the lymph nodes they are 
found both m the follicles and m the sinuses The cells here agree sub- 
stantially with those found m the marrow, but are largei and their nuclei aie 
more vesicular Numerous nuclear figures are found m them In the spleen 
these cells are found both in the pulp and in the follicles They are amoeboid 
and in sections are often found in the act of passing through the wall of the 
vessel. The general type of the mononuclear cells in the blood is that of a 
basophile cell with a relatively large round nucleus which contains abundant 
chromatin The cytoplasm vanes in character, much depending upon the 
preseivation of the tissue The cells vary m size In the smaller cells the 
cytoplasm is more compact and the granulation more evident than m the 
large Nuclear figures are not infrequently found in these cells within the 
vessels, in situations where the circulation is not active 

From the study of the blood combined v ith the study of the organs it seems 
clear that the explanation of the peculiar mononuclear leukocytosis of variola 
is to be sought m disturbances in leukocytogenesis, and hence m accentu- 
ations or in inhibitions of one or all of the factors governing leukocyte 
supply The variations in the mobile polynuclear leukocytes are primary 
and the mononuclear leukocytosis, due to the entrance of antecedent cells, 
IS secondary and indicative of deficiency in the supply of the adult cell-types 
This deficiency is, m turn, dependent upon the failure of cell differentiation 
and multiplication m the antecedent extravascular leukocyte senes, which 
IS in part due to outward passage and in part due to destruction incident to 
the disease The analysis of the cell components of the leukocytosis indicates, 
at first sight, that not only cells of the polynuclear neutrophile series are 
involved, but also those of the lymphocyte series The large mononuclear 
eosinophiles and mast cells are not affected The cells are essentially all of 
the polynuclearneurophile series The most common type of cell found 
represents a cell i emote in the series of differentiation 
Comphcations and Sequelae. — ^These are frequent, although none are in 
any way peculiar to the disease but are such as we would expect to find in 
accordance with the character of the pathological lesions With the begin- 
ning of suppuration the specific character of the disease is over There 
remains a suppurative process of great extent, usually with streptococci m the 
foci of suppuration These foci offer favorable conditions for absorption and 
blood infection by the bacteiia Not only the skin but many of the mucous 
membranes are affected No sharp line can be drawn between the compli- 
cations and sequela;. We should expect to find complications due to the action 
of the specific toxic products of the cytorc}’tes Most of these are included 
in the delirium and other symptoms of the initial stage It is probable that 
there are others which appear later in the disease such as the specific 
orchitis Notvnthstanding the extent of the injury which is produced in the 
testicle, these do not give rise to symptoms, and no permanent injury seems 
to be produced, or, if so, it has escaped notice 

Among the most common complications are boils These add much to the 
suffering and often have a very protracted course, crop after crop succeeding 
one another They are due in some cases to direct extension of the infection 
from the pustule, in others to the usual method of hair follicle infection from 
the surface There may also be deep subcutaneous abscesses and diffuse 
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spieading suppurations which may bung about a fatal termination These 
suppurative skin eompheations commonly appear during the ciustmg stage, 
and are accompanied by elevation of temperature 

Eiysipelas is not common When it does occur, it comes on in the third 
week ot the disease Consideiing the numbers of streptococci which are 
present in the lesions, and the opportunity for infection, it is sui prising that 
this affection is not more frequent 

Complications affecting the respiiatoiy apparatus are common The 
extensive, deep, and destructive ulcerations of the laijnx, which sometimes 
occur, are fatal In other cases the superficial specific laryngeal lesions may 
produce cicatrices and deformities which aftect the voice Lesions m the 
lung varjnng in degree are so common that they form rather symptoms than 
complications They are more common in the severe than in the light cases 
They consist chiefly of foci of bronchitis and bionchopneumonia They are 
due to streptococcus and often pneumococcus infection by the bronchi True 
lobar pneumonia is uncommon, and is to be regarded as an accident and not 
related to the disease In our 51 autopsies it was found in but 2 cases The 
foci of bronchopneumonia maj' be so extensive as to simulate lobai pneu- 
monia Empyema is also uncommon, and is to be regarded as due to an 
infection of the pleura from the lung and not to metastasis 

Diphtheria has probably played a considerable role m some epidemics in 
the past It IS probable that some of the conditions vhich Eppinger 
described were due in part at least to this In one of our cases there v as an 
infection with the diphtheria bacillus, producing chaiactciistic lesions of the 
pharynx and uvula There are also found deep and super ficial necroses of 
the soft palate and the pharynx, vhich are not accompanied by membrane 
formation Curschmann found this most fiequent m the hemoiihagic tjpe 
The infection easily extends to the sahvarv glands 

Bed-sores aie not uncommon, but not as fiequent as ve should expect 
from the condition of the patient They were far more common in the past, 
when the care was not so good In addition to these, gangrene of the skin, 
often of considerable extent, may develop during the suppuiative period in 
severe cases of confluent smallpox This is superficial and seems to be due 
to the stasis of intense congestion Such cases generally have a fatal ter- 
mination before the demarcation of the gangrenous area is apparent Noma 
following acute parotitis was seen in 3 cases in the Boston epidemic 
Complications affecting the eyes are common In the prevaccmation 
period, blindness was a common result Pock formation, though common 
on the lids, is uncommon on the conjunctiva, though it undoubtedly occurs 
The conjunctivitis is due to the infection with pyogenic bacteria combined 
with the retention of the secretion and the circulatory disturbances brought 
about by the tightly closed lids The swelling of the lids may be so extreme 
as to render the opening of the eyes impossible n ithout incision of the can- 
thus Ectropion may result from contraction of the cicatrices of the lids 
which follow the pocks When blindness results it is due eithei to corneal 
ulcers, which may perforate, or to pock formation on the conjunctiva at the 
edge of the cornea A true peek formation of the cornea does not take place, 
which IS one of the best endenees of the dissemination of the organisms by 
the blood stream The writer has seen, however, a true pock form m a 
vascularized cornea, which did not differ from the common lesions on mueous 
membranes The external ear may be the seat of pock foimation just as the 
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skin elsewhere The swelling may be so great as to occasion much pain and 
completely close the external meatus Otitis media is not common when n e 
consider the extensive inflammation along the Eustachian tube, and is moie 
frequent m children than in adults 

]\letastatic purulent inflammations of the joints are sometimes seen, 
especially m children The elbow joint is most frequently affected 

Heart complications, either of the pericardium oi endocardium, are rare 
Endocarditis of the mitral valve was found in 1 of our autopsies 

Nephritis is not common This does not include the almost constant 
degenerative lesions and the frequent acute interstitial changes, which latter 
have little clinical impoitance When nephritis occurs it is a late compli- 
cation In our 54 autopsies 7 cases were found — 2 of acute suppurative 
nephritis and 5 of glomerulonephritis 

The complications and sequela; aftecting the nervous system are numer- 
ous, and have received much attention An excellent account of them is 
given by Immerman There is very little anatomical change found in the 
nervous system Southard, after careful study of the cortex, found no lesions 
Focal lesions, consisting of hemorrhage and inflammation, have been 
described in both the brain and cord The sudden hemiplegia and more 
partial paralysis Avhich occur rarely in the course of the disease are to be 
attributed to such focal lesions 

Affections of the cord are more common than of the brain, the most Se- 
quent being motor paraplegias These are not confined to severe cases, but 
are nearly as common in mild attacks They may appear in any stage of 
the disease, and have been described as occurring in the stage of incubation 
The paralyses occur suddenly, the bladder and rectum may be involved but 
sensation in the affected area may remain Cases have been described in 
which the paralysis assumed a lapid, ascending character, giving the clinical 
features of Landry's paralysis Post-vanola paralysis of the palate and 
pharynx have been described It is unknown in such cases whether there 
was not a mixed diphtheria infection 

Smallpox IS one of the infectious diseases in winch infection of the foetus 
m utero takes place Such cases are comparatively rare, but undoubted 
Infection may take place at any time after the fourth month It may take 
place earlier and the foetus perishes and is expelled before signs of the disease 
are evident The foetus apparently passes through the tjqncal stages of the 
disease It may pass through the entire disease in utero and be born with 
the resulting cicatrices and possess immunity, or the eruption may appear 
a few days after birth, or be perfectly developed at birth There have also 
been cases apparently well substantiated in which the foetus in utero has 
contracted the disease without infection of the mother Such cases can be 
explained only on the assumption that the disease m the mother was so mild 
as to be overlooked There would be no possibility of the infection of the 
foetus save through the maternal circulation 

Some of the cases regarded as foetal infection aie not true infections One 
such case occurred in our autopsies The mothei died on the thiiteenth day 
of the disease and shov ed an abundant, partly confluent pustulai eruption 
which was crustimi: in places The child v as well developed and nourished 
The slan of the neck, shoulders, arms, chest, and back, presented small 
closely-set elevations, from pin-point to half a millimeter in diameter, vith 
a transparent vesicular centre and a white opaque bolder The lesions v ere 
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largest and most marked upon the backs of the hands The general surface 
of the body nas coveied with a moderate amount of veinix caseosa The 
geneial color of the skin as dull violet The microscopic examination of the 
skin sho^^ed absence of true lesions The vesicles were due to the elevation 
of the epideiinis (or lathei of the homy layei) by an exudation The lesions 
^^ere of the same chaiacter as the vesicles, A^hleh are rarely found in con- 
junction V ith the specific eiuption The testicles and bone-marroAV showed 
the lesions which the vriter regards as characteristic No cytoryctes were 
found in the lesions The condition of the fcetus v as regarded as due not to 
a true infection, but to the action of toxic substances which developed in the 
mothei and passed thiough the maternal circulation 

The V riter has examined the skin from two others, m m Inch the lesions 
weie tj'pical and contained the parasites in the same relation as in the adult 
There seems no doubt that the specific organisms can pass through the 
placenta Whether m these cases there are hemorrhages in the placenta by 
means of vhich they gam entrance into the fcetal blood is unknown The 
character of the disease in the mother has no influence on the mfeetion, 
though it has an influence on the life of the foetus Infection of the fcetus can 
take place as readily m a mild as in a severe infection of the mother It does 
not take place synchronously w’lth the maternal infection It is not possible 
to accurately determine the date of the foetal infection, but it appears to be 
about tw'o Aveeks after the maternal infection and to take plaee at about the 
period of onset It is probable that at oi just preceding the onset there is the 
greatest amount of infectious material in the blood of the mother The 
general opinion is that the immunity acquired by the mother is not trans- 
mitted to the child Vaccination of children Avhose mothers had passed 
through the disease in pregnancy has proA'en successful in the majority of 
cases There have also been cases in which the infection of the infant has 
taken place at birth, the eruption appearing sixteen days afterw ard 
Diagnosis — The diagnosis of smallpox may be very easy or very difficult 
There is no difficulty in the diagnosis of a w ell-marked case in the vesicular- 
pustular or the pustular period It is not possible to make a diagnosis in the 
initial stage Even the most typical onset and initial stage may be paralleled 
by other acute febrile diseases The prevalence of an epidemic or the 
history of exposure may aivaken suspicion In the inteivals of an epidemic 
it IS not likely that the initial symptoms Avill suggest smallpox unless the 
physician have a personal and extensive knowledge of the disease The 
prodromal rash is not sufficiently common to give much help A petechial 
eruption occurring on the abdomen below the umbilicus, and extending to 
the groins, on the second day after a sudden onset with chill, nausea, and 
headache, is absolutely distinctive Avhen it occurs The diagnosis can alw'ays 
be made after the specific eruption occurs, ex'^en though it be scanty There 
may be doubt betiveen variola and measles Apart from the history of 
preceding catarrhal symptoms m measles, wdnch are absent in smallpox, and 
the different course of the fever, which in smallpox diminishes wuth the 
appearance of the eruption while m measles it increases, a careful exami- 
nation of the eruption Avill decide It must be remembered that the eruption 
of smallpox, even though it may appear m the beginning to naked-eye 
examination to be papular, really is not so but is vesicular from the begin- 
ning The vesicular character is usually most evident w'here the skin is 
thinnest, particularly on the scrotum The use of a magnifying-glass in a 
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bright light IS often of material assistance in determining the vesiculai 
chaiacter The apparent papules rapidly become vesicles, while the measles 
eruption lemams papular hloreover there is in measles a maikcd tendency 
foi the lesions to aiiange themselves in groups, and the presence of Kophk’s 
spots IS a great aid 

The greatest difficulty is in differentiating smallpox from varicella Even 
an observer so accurate m most respects as Hebra held to the unity of the 
two diseases Both are vesicular In both the seat of the lesion is m the 
epidermis When the vesicles of chickenpox are completely formed they are 
more sharply elevated, rounder, and more tianslucent than m smallpox 
The flmd is contained not in a sj'stem of cells, as m smallpox, but in a cavity 
which can be emptied by a single prick This is a valuable diagnostic sign 
In varicella the lesions develop much more rapidly than m smallpox The 
vesicles usually remain with clear contents and do not change into pustules 
The lesions in the mucous membranes have much similarity m both No 
doubt should arise m differentiating between the florid eruption m the two 
diseases It is only in the beginning that doubt may come In varicella the 
vesicle arises on a hypereemic base which precedes it There is never the 
hard shotty feeling of the vesicle m chickenpox which is so marked m small- 
pox, and which is due to fluid being enclosed in the small spaces in the 
epidermis The initial stage of varicella is not so definite as m smallpox, is 
shorter, and the headache and pain are absent Varicella may, however, 
begin with a definite chill and symptoms resembling those of mild smallpox 

The chief difficulty is m distinguishing between abortive smallpox, in 
whicli the eruption remains m the vesicular stage, and varicella These 
abortive cases may have a very mild and almost unnoticed onset and initial 
stage, and no more constitutional disturbance during the eruption than in 
chickenpox In such cases a very close study of the eruption will usually 
decide If not, the patient should be isolated and watched It is these cases 
v Inch have led to the confusion between the two diseases and caused Hebra 
and others to deny the duality of smallpox and chickenpox The course of 
the eruption should decide, because even in the most atypical cases of small- 
pox there is not so sudden and complete dijang of the vesicles as m chicken 
pox, and the scab from smallpox is always firmer and more elastic than m 
chickenpox, which gives a granular easily disintegrated scab 

Confusion has also arisen between pustular syphilis and smallpox The 
diagnosis may be very difficult and impossible when the pustular syphilide 
IS well marked and the smallpox mild with the pustules m full flower The 
presence or absence of slight fever will not decide, for though usually present 
in smallpox and absent m sj'philis, the conditions may be reversed In the 
course of twenty-four or forty-eight hours it is usually possible to decide, for 
m smallpox the eruption presents almost the same degree of development all 
over the body, whereas the rash of syphilis does not They do not pass 
through the t^Tiieal vesicular stage of the smallpox pustule and do not change 
so quickly With expert microscopic aid it should be possible to make a 
diagnosis at once, for m the contents of the sjqihilitic pustule or in scrapings 
from its base the specific organism, the Spiiochcfa pallida, will almost 
certainly be found 

Some have found difficulty in distinguishing between smallpox, pemphigus 
and impetigo contagiosa In pemphigus the vesicles vary greatly in sis'e, 
there is no basis of induration, the covering of slun is formed by the homy 
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layer alone and is much thinner In smallpox in the vesicular stage, ivliile 
the majoiity of the lesions might resemble pemphigus, certain lesions uill 
almost certainly be found in the papular stage and others in the pustular 
In impetigo contagiosa a close examination vith section into the pustules 
should decide They vary gieatly in size and extent and the lesion is in the 
coiium and not m the epideimis 

Doubts in diagnosis between acute glanders and smallpox may arise 
This foim of glandeis is lare, and generally oecurs in occupations 11111011 
have to do with horses In it abundant pustules may appear in the skin 
M hich have some similaiitj' to the smallpox eiuption These maybe abundant 
and chiefly seated on the face The patient in this stage of glanders is more 
ill than he would be with a coi responding smallpox eiuption With the tiue 
pustules of glanders there may be combined vesicles ivliich might be mis- 
taken for smallpox vesicles, but they aie due merely to the elevation of the 
epidermis by an exudation The glanders pustule is a true abscess of the 
corium, and the epidermis takes no pait in its formation It arises as an 
abscess, is not so ciicumsciibed, and beneath the finger feels more distant 
While the history and the fever may aid in the differential diagnosis of 
smallpox, only the eruption is decisive, and then only foi one w ho know s the 
disease Theie are tw'o methods wdiicli wall decide the diagnosis for anj' one, 
though they involve delay One is b}' coineal inoculation on the rabbit It 
is sufficient to prick the cornea with a needle wdiicli has on it contents of a 
smallpox pustule or vesicle In foity-eight houis there wall be slight opacity 
at the point of inoculation, and on microscopic examination swelling and 
proliferation of the corneal epithelium, wuth numerous cell inclusions, wall be 
found A more rapid and equally certain method is by the diiect microscopic 
examination of the suspected lesion Caie must be exercised in cutting it 
out of the skin If the lesion be grasped with forceps and cut out with 
scissors the histological details wall be obscured by the compression If the 
skin be frozen or injected with cocaine, this also will obscuie details A fold 
of skin should be giasped wath the fingers beyond the lesion, bunging this to 
the summit of the fold, wdien it can be quickly cut out by a stroke of a shaip 
knife The cut is almost painless and need go but little beneath the epi- 
dermis By the modern rapid method of histological technique a diagnosis 
can be made in a few" hours No other pathological piocess gives the same 
histological picture as the smallpox lesion, and no othei show s in the cells the 
characteiistic paiasite inclusions In smallpox, as in any other disease, 
w"hile in the majority of cases the diagnosis is easy, some will be found in 
w'hich the diagnosis cannot be made without the employment of eveiy aid, 
the most important of which may be time 
Prognosis — It is impossible to give any general lules by which the 
prognosis of smallpox can be decided It is influenced first by previous 
vaccination Not only is infection in the vaccinated raie, but the severe 
forms of the disease are less frequent and the mortality low er How" greatly 
morbidity and mortality are affected by vaccination thoroughly earned out 
IS apparent from the w'ell-knowm statistics of Germany ' It is impossible to 
determine whethei a successful vaccination has or has not been performed 
The statement of the individual that he has been vaccinated in infancy and 
the evidence of the scar is not proof of a successful vaccination The scar is 
especially inconclusive The WTiter know's of a college fraternity m wduch 
it w"as the custom to brand neophytes on the arm w'lth a cigar The resulting 
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cicatrices have often been exhibited to health officeis and accepted as 
evidence of especially thoiough vaccination The cicatiices lesulting fioin 
burns by stiong mineial acids give the so-called typical foveated scai In 
certain sections of the countiy in the last epidemic, it Avas not uncommon 
among the antivaccinationists to hai'c nitiic acid applied and to submit the 
lesulting seal as evidence of A'accmation The regular depressions in the 
seal aie evidence of the destruction of sweat glands and hair follicles, and it 
Avould seem possible that a successful vaccination might be so siipeificial 
that such a destruction and resulting pits Avould not result ^Vhere a com- 
munity IS huiiiedly vaccinated c?i masse Ave do not knoAv in Avhat piopoition 
of the cases the procedure is successful The only sure evidence of a success- 
ful vaccination is immunity 

The chaiactei of the epidemic influences the moitahty The pandemic of 
1901 and 1902 in the United States A\'as characteiized by a lemaikably loiv 
death -1 ate There Aveie, hoAA'ever, striking local diffeiences In ceitain 
places the mortality Avas almost ml, Avlnle in others it AA'as as high among the 
unvaccinated as in the old epidemics The statistics fiom the Municipal 
Hospital in Philadelphia (Welch and Schambeig), sIioav gieat differences in 
the moitahty of the unvacemated In 1871 and 1872 it Avas 64 41 per cent , 
m 1881 to 1886 it AA^as 56 37 per cent , and in 1901 to 1904 it aa as 32 73 per 
cent Even in the prevaccination period the same diffeiences in moitahty 
Aveie seen Cases of mild smallpox and smallpox AA'ithout eiuption Avere seen 
then in certain epidemics as they aie noiv The decline in the moitahty of 
smallpox from that of the eighteenth century is to be attributed to vaccina- 
tion solely Theie is no evidence that the disease is groAAung progressively 
mildei The cases aie progressively mildei toAAaid the end of an epidemic 

Variations in the period of incubation seem to have some effect on the 
prognosis There is evidence that the period is much shorter in purpuiic 
smallpox Biinckerlioff and Tyzzei found that the incubation period AAas 
longei AAhen the auius had become attenuated 

The chaiactci of the initial stage may effect the prognosis A mild initial 
stage IS indicatiA’’e of a mild foim of disease A severe initial stage may be 
folloAA^ed by a mild foim 

The prognosis is influenced by the type of eruption and depends essentially 
on the intensity and extent Starting fiom smallpox Avithout eruption and 
mild smallpox, in AAdiich the mortality is practically ?n/, there is a steady 
ascent to the cases of purpuiic smallpox AAuth an absolute mortality The 
mortality in confluent smallpox is ahimys high, averaging 60 per cent It is 
not alAA ays possible to pi edict the charactei of the disease dining the vesicular 
stage, foi the eiuption may be abundant, simulating the beginning of a con- 
fluent ease, but the A^esicles may diy up, A-^ery fcAV of them become pustulai, 
and the entire feA'ci and othei phenomena of the pustular stage maybe absent 

There is no CAudcnce that race has any influence on the piognosis The 
disease has always been extremely Auiulent in aboiiginal tubes, but in the 
unvacemated everyii here the mortality may be higli In ordinarj' epidemics 
the mortality is high among the negioes, but these are the most caieless in 
regard to vaccination Like most of the other infectious diseases smallpox 
claims a high mortality in drunkards Sex, apart from pregnancy, has no 
influence In pregnant AAomen, the mortality is higher owing to the fre- 
quency of abortion, which is especially serious from the opportunities aaIucIi 
arc giA^cn foi streptococcus infection 
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All of the complications influence the mortality Those due to extensive 
sticptococcus infections of mucous membianes, vith a possible septicfemia 
following, aie especially unfavorable The piognosis m the individual case 
can best be detei mined by an accuiate knowledge of the extent and character 
of the disease and the efteet it is exerting on impoitant functions The most 
fethal period of the disease is in the second week^ at the height of the suppur- 
ation, and chiefly between the ninth and twelfth days 
Prophylaxis and Treatment — ^It may be assumed that m any com- 
munity, the disposition to smallpox exists and only an aits the reception of 
the germ Prophylaxis consists in removing this disposition by vaccination 
and revaccination, and m preventing the infecting seed from reaching the 
favorable soil In the absence of efficient compulsory vaccination we must 
regard every patient v ith smallpox as a possible source for infection We are 
probably correct in assuming that the infectious material resides in the 
eruption, that it may be carried through the air, to how great an extent ve 
do not know, possibly clinging to the dried epidermic dust, that everything 
coming in contact with the patient contains the infectious material , and that 
while it cannot increase outside of the body it ma}' for a long time retain its 
infecting pov er How long the virus retains its infectiousness is not known 
Brinckerhoff and Tyzzer found that vesicle contents three weeks after drying 
on glass rods failed to give the corneal reaction, though sealed in capillary 
tubes it retained its virulence after three neeks The virus appeared to be 
destroyed by putrefaction These experiments are of course inconclusive 
The evidence is that the disease is most infectious during the height of the 
eruption, but that it may be infectious at any period 

Isolation of the diseased individual is imperative, and is easy to carry out 
in the severe cases It should extend to all cases, since the mildest attacks 
may be the source of the most virulent type Individuals with very mild 
attacks are not clinically ill They can proceed with their ordinary occupa- 
tions and it may not be suspected that they have the disease It is knov n 
that patients of this sort often play an important part in spreading the disease 
and may be themselves unconscious of any illness Isolation can be carried 
out in a private house, but is difficult It is very much better that the in- 
dividual be taken to a hospital in which there is special provision for small- 
pox The most ideal arrangement would be to have a smallpox division as 
a part of a hospital for infectious diseases It should consist of simple 
barracks isolated from the other part of the hospital In a large city, single 
cases of smallpox will almost constantly occur and should be cared for in a 
part of the hospital which is aln ays in operation There should be capacity 
for indefinite extension during periods of epidemics Generally the smallpox 
hospital of a community is used only in the event of an epidemic and is 
unprovided with laboratories and opportunities for clinical and pathological 
investigation Clinical teaching, the great stimulus to study, has no place 
in it The energies of the physician in charge are entirely taken up in con- 
trolling the exigencies of an unusual situation There is not the constant 
opportunity for comparison with other forms of disease The hospital 
should be used for teaching because it is imperative that physicians should 
know the disease from clinical study 

Not only should the individual Avith the disease be removed to a hospital, 
but this should be provided with arrangements for taking charge of and 
detaining those who have been exposed to the infection Every one who 
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has been exposed should be at once vaccinated, or, if it should happen that 
it is impossible to procuie vaccine material, all poisons never vaccinated 
should be inoculated vnth smallpox If vaccination be performed immedi- 
ately after the exposure, the vaccine immunity will develop in time topiotect 
fiom the disease It may be successful up to the fouith day after exposure, 
but rarely beyond When peiformed latei, both vaccinia and smallpox will 
run their course independently From the expeiimental work of Brincker- 
hoff and Tyzzei there is evidence that the immunity of moeulated smallpox 
in the monkey develops moie rapidly than that of vaccinia, but the evidence 
IS not sufficient to justify resort to inoculation when the exposuie is known 
to have been previous to four daj^s The vaccination of these detention 
cases should be thorough, and repeated if unsuccessful They should be 
released after successful vaccination, and, even if this is not successful, aftei 
sixteen days, piovided they have not again been exposed duiing the detention 
They should of course be v atched caicfully, and in case of any suspicious 
symptoms at once be isolated If there is the least doubt of the disease at 
entrance the patient should be isolated until all doubt is lemoved 

We do not know the life tenacity of the smallpox oigamsm, and m the 
absence of this knowledge, it is best to assume that it is as resistant as 
bacterial spoies All measures of disinfection should be so thorough as to 
destioy spores As piesent disinfection can be so thoroughly earned out 
that there is no necessity foi the destruction of all ai tides which may have 
been infected Nuises and others m constant attendance on the disease 
should be isolated It is possible that physicians, students and others 
coming into the infected region may carry the infection to others It is 
lecommended that they should put on a long clean gown ovei their clothing 
and cover the hair with a cap It would seem on theoietical grounds that 
this should afford some measure of piotection, whethei oi not it does we 
do not know 

The smallpox patients should be detained until all the affected epidermis 
IS removed We know that the diied disks contain infectious material 
These will remain longer when enclosed in the thick epideimis of the palms 
and soles than elsewhere, and their artificial removal will assist in the clean- 
ing process The patient should then be scrubbed clean in a bath to which 
some carbolic acid may be added, given clean clothing, and dischaiged 

In any case it must be remembeied that our means of warfare against 
smallpox IS not isolation and disinfection, but vaccination All other means 
may be helpful, but vaccination is the one essential 

There is no specific treatment foi smallpox Theie are certain conditions 
in the patient which may be benefited and certain distressing symptoms 
which may be alleviated, but it is doubtful whether by means othei than 
care and good nursing the course of the disease can be influenced With 
the great variations in the charactei of epidemics, it is easy to see how 
methods of general and local treatment should have aiisen, been supported 
foi a time, and then supplanted by others How numeious, how absurd 
and often mjuiious, these specific modes of treatment were, is abundantly 
told in the literature of the disease 

It IS important that the patient be given an abundance of air space, that 
the air be fiequently changed and the temperature kept low The patient 
in the suppurating stage is covered with a putrescent mass of neciotic epi- 
dermis and exudation, vhich gives rise to a penetrating and highly un- 
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pleasant odor This is not peculiar to smallpox, but may be found when 
the same conditions aie piesent The foul, stinking atmospheie of a hot 
and ill-ventiLited smallpox nard almost ceitainly has a deleteiious effect 
In the initial stage of the disease treatment may be necessary for the 
relief of the distiessmg pains These can in a measure be controlled by 
sedatives or even moiphia In case of delirium and gieat neivous excitation 
Immeiinan recommends protracted ivaim baths The fever is ordinarily 
not sufficiently high to demand anj' measuie such as the systematic cold 
bath Sponging with cool n atei is often grateful tb the patient The com- 
mon fevei mixtures, if not unpleasant to the patient, n ill do no harm The 
headache may be relieved or benefited by the application of cold clotlis or 
ice-bags to the head 

With the decline of temperatuie and the general amelioration of all symp- 
toms duiing the primary eruptive stage no treatment is necessary If the 
case promises to be severe the hair should be cut off It usually comes out 
aftei the disease, and the eiuption on the scalp is rendered moie tiying by 
the piesence of the hair, as it becomes matted and foul with the dischaige 
Easily digested food may be given m accordance with the desires of the 
patient 

It IS not certain that the course of the eiuption can be favorably influenced 
by treatment, local or otherwise The old method of puncturing the pustules 
to avoid cicatrices is now given up Cicatiices aie sure to lesult if the 
destructive piocess extends into the conum Mercuric lotions and plasters 
have been recommended, also vaseline and oily substances, but these 
measures seem to exert no influence Painting the surface with tincture of 
iodine has been recommended It has been claimed that it causes a rapid 
desiccation of the lesions, Welch and Schamberg recommend it The 
tendency is now to use those local measures which will at the same time give 
most comfort to the patient When the eruption is especially thick ovei the 
face, much comfort is expeiienced by the use of cold compresses, which 
should be frequently changed The moisture prevents the formation of the 
mask of crusts, under which a process of deep pyogenic infection may take 
place, and the exchange of the compresses removes the exudation Such 
compresses often afford great relief to the tense, sn ollen hands 
The mouth and throat demand attention In severe pharyngitis the 
application of ice to the neck often gives relief If the patient is able to do it, 
gargling with astringent and antiseptic liquids is beneficial In other cases 
some attempt may be made to clean the mouth by n iping it out The eyes 
should be constantly examined, the swollen lids forcibly opened and the 
conjunctiva looked to Conjunctivitis if piesent should be treated with 
nitrate of silver preparations, and thorough cleanliness is imperative The 
matting of the crusts can be pi evented by smearing the edges of the lids with 
vaseline Cold applications to the lids are often grateful 
It IS always important that traumatic disturbance of the eiuption be 
prevented The itching is often intense, especially toward the end of the 
suppurative period, and forcible restraint may be necessary, especially in 
children 

There is and will always lemain much difference of opinion regarding 
the efficacy of alcohol It has been highly recommended, especially in the 
period of suppuration Immerman advises the use of full doses of alcohol 
and quinine, and tlunks that such treatment is of actual service Welch and 
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Schamberg also recommend alcohol, giving patients Avith confluent smallpox 
up to twelve ounces daily There is not much to hope for from the serum 
tieatment of the disease It is peifectly true that the blood-serum, when 
immunity is established, will destroy the specific organism It also seems 
tiue that the blood immunity is established before the eruption takes place 
and that its appeal ance is marked by the onset All the phenomena attending 
this seem to indicate the action of a toxic substance which may suddenly 
appeal m the blood, being set free by the destruction of the organisms which 
contain it The eruption is due to the organisms which have been deposited 
in the skin, where they developed removed from the full action of the immune 
blood The constitutional effects are not to be explained by the assumption 
of absoiption of a specific toxin, but to the effect of the accidents of an 
extensive suppuration complicated by bacterial infection If this be true, 
the only time when the serum beanng the immune factors could be used 
to advantage would be in an early period of the stage of incubation No 
results have hitherto been gamed by the use of serum 

The exposure of the patient to the influence of light of various sorts has 
not given the results which were hoped for 
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VACCINATION 

By GEORGE DOCK, M D 

Definition — ^Vaccination is the inoculation of vaccinia, by means of the 
viius of cowpo\, and has for its object the production of a pock, with general 
symptoms, followed by more or less complete immunity against smallpox 
History — ^The practice of vaccination we o\ve to Edward Jenner ^ Under 
the name of cowpox certain diseases characterized by vesicular or ulcerating 
lesions on the udders of cows have long been known m England, and under 
corresponding names m other countries The name was not limited to a 
single disease, but applied to various diseases that have nothing m common 
but vesicular lesions In some cases, however, the disease has the character- 
istics of inoculated variola or vaccinia, it spreads from com to coiv m dairies, 
and -when it once enters a stable usually affects the majority of the animals 
unl&s they are immune from a previous attack Jenner originally supposed 
that cowpox was derived from “grease,” a disease of horses’ heels, and that, 
transferred by dairymen who dressed the horses’ heels and also milked cow'S, 
the virus became moie fixed in the cow's Grease or “greasy heel” is a 
term still applied by horsemen, but is probably rarely a variolous disease 
Some early strains of vaccine were derived from w'hat was called grease, but 
it IS generally assumed that m some cases the horses had vanola, and this 
of course w oiild readily be conveyed to cow'S when the same persons handled 
both kinds of animals 

As regards the cowpox, the piobabihty is that this, in its specific form, is 
variola, derived directly or indirectly from human sources The term “spon- 
taneous” applied to some cases of cow'pox is a bad one, since there is no 
reason to think that cow'pox arises spontaneously any more than smallpox 
As a rule the source cannot be found, but if wm remember the tenacity and 
the wnde spread of smallpox, the relation can hardly be doubted Numerous 
experiments shoiv that, while failures may occur, it is compaiatively easy 
to infect many species of animals w ith variola or vaccinia 

It w^as known to dairy-woikers long before the time of Jenner that cow- 
pox protected against natural or inoculated smallpox In various parts of 
the Avorld, at different times, a number of persons made experiments with 
the inoculation of vaccinia in order to protect against smallpox None of 
these detract in the least from Jenner ’s claim to immoitahty, for none of 
them led to a wide or general use of vaccination Although his observations 
and experiments were few m number, they were more numerous than those 
of his forerunners, and were carried out wuth a scientific accuracy far ahead 
of the contemporary knowdedge of infectious diseases Jenner’s work w^as 
based on the recognition of the traditions of the dairies, and m the hope of 

' Works of Edvard Jenner and their Value in the Modem Study of Small- 
pox, by George Dock New York Medical Journal, Nov 29 and Dec 6, 1902 
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announcing a discovery of value to the human race, viz , a more manageable, 
less dangerous, and more certain protection than variolation Foimerlj a 
rare operation, Jenner made it of world-wide use, and showed the possibility 
of carrying the virus through the human body and becoming independent of 
natural cowpox, an essential step in the development of vaccmation 

Jenner ’s first work. An Inquiry into the Causes and Effects of the Vari- 
ola; Vaccina;, appeared m the summer of 1798 Its reception at first was 
lukewarm, but a controversy soon sprang up and Jenner published addi- 
tional observations and conclusions early m 1799 From this time progress 
was rapid Before the end of 1799 several institutes for cowpox inoculation 
were established In 1800 the operation was earned out in most parts of 
Europe, and m America, where Waterhouse of Cambridge had taken it up 
with enthusiasm, and it was used very early m the world-wide Spanish 
colonies 

Very early Jenner established the following points The protection of 
vaccination against smallpox, whether acquired in the natural way or by 
inoculation, the importance of using virus only from typical and regularly 
progressing \esicles free from suppuration or other complications, the ad- 
vantages of a clean and simple operation, the possibility of paitial or com- 
plete failure, with the indication for repeating it (or m case of need even 
variolating) , the importance of special knowledge, experience, and careful 
observation in all cases He realized that severe local lesions do not indicate 
protection but may even be harmful Jenner ’s great error vas his belief 
m the hfe-long immunity confeired by vaccination, and yet if it had not 
been for this fallacy he probably would never have given vaccmation to the 
world The consequences of the error have not yet been overcome by the 
medical profession, but for this Jenner should not be held responsible 

Coincident with the rapid spread of vaccination w’as a marked fall in the 
extent and mortality of smallpox all over the civilized ivorld As an example, 
in London in the years 1761-1800, the moitahty in the successive decades 
wms lespectively 24,234, 20,923, 17,867, 18,477 In the first tw'o decades of 
the ISth century it was 12,534 and 7,856 Toward the end of the second 
decade of the 19th centuiy smallpox began to inciease, and in some coun- 
tries became almost as preialent as it had been before The causes of the 
recrudescence are not difficult to understand Many people had been vac- 
cinated so long before that they had lost their immunity wholly or in part 
This wms the time to settle the question as to the hfe-long protection winch 
the early vaccinators so fondly believed in, but prejudices wmre still too 
strong Many other people wmre not vaccinated at all, because smallpox 
wms so much less frequent that the operation seemed unnecessary, and there 
wms a smaller proportion than before not protected by smallpox Smallpox 
\nrus existed m many places No efficient effort had been made to stamp 
it out, and it wms even kept up by sporadic variolation, not prohibited m 
England until 1840, five years later than in Prussia Whenever the disease 
prevailed some vaccinated people wmre sure to take it, and many were the 
efforts to reconcik this wnth the sweeping claims of the early vaccinators 
Imperfect vaccmation, degeneration of lymph, new types of disease, the 
cow pox not the genuine kind, or the smallpox not real smallpox — such w^ere 
the explanations made, but the piactical lessons wmre very slowly taken up 
Looking back it is cleai that certain gieat changes had occurred in the small- 
pox situation since Jenner ’s discovery The absolute mortality w'as less. 
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the disease was not so frequent as before in the years following the usu^l age 
of vaccination, and these facts were most obvious m countries that had the 
most thorough vaccmation The change in the age-mcidence is mteresting 
Smallpox was commonly spoken of m Germany in the pre-vaccmation days 
as "Kinderpocken ” Of 1,252 cases of smallpox before vaccination, 94 per 
cent were m children less than ten years of age, and no case above twenty 
Of 1,677 cases after vaccination only 18 per cent were under ten years of 
ao-e, and 42 per cent over twenty Epidemics were smaller, and mild cases, 
long known but rarely mentioned, became relatively more frequent The 
recognition of varioloid as a mild but genume form of smallpox was a great 
advance over the time not long before when each variety of smallpox was 
looked upon as a distmct disease, not protected against by vaccmation 
In this peiiod revaccmation began Suggested early in the century, it was 
long neglected Certain German states first applied it to their armies 
Wurtemberg, after a trial m 1829, made it obligatory foi recruits m 1833, 
Prussia m 1834 Some other German states did not adopt it until the 60 ’s 
The most striking test of the possibilities of vaccmation was made m the 
war of 1870-71, and depended largely upon the farsighted care of the Ger- 
man military authorities Smallpox became so prevalent m France in the 
preceding wnnter that efforts were begun to combat it, but the outbreak of 
the war not only prevented such action, but as usual caused a great in ci ease 
of the disease, which rapidly extended over Euiope In Germany, wdieie 
many prison eis of war earned the infection, the disease was widespread, 
but it was a striking fact that the German soldiers weie not only less fre- 
quently and less severely affected than the French, but that they w^ere less 
affected than civilians of mihtaiy age in the same towms The only difference 
was that all the German soldiers under arms at the outbreak of the w'ar had 
been revaccinated within tw'o years The following figuies show the mor- 
tality of diffeient classes at that time rev-'ccinated 5 pei cent, once vac- 
cinated 14 pel cent , unvaccinated 45 per cent This object lesson was not 
lost on the newdy foimed Gorman Empire In 1874 the first law w'as passed 
providing for the \accination of every child before the end of the second 
year, and of all school-children in the twelfth year The result of the opera- 
tion w^as to be a matter of record, and failure to produce a satisfactory 
vesicle necessitated a repetition In the civil population the mortality sank 
rapidly so that in 1899 the deaths m the wdiole empire weie only 28, scat- 
tered o\er 21 different places In the army, too, the death-iate became lower 
than before, showing the protective influence of widespread vaccination, 
since the soldiers had been vaccinated in the same way for forty years before 
In the meantime other important events had taken place The continued 
existence of smallpox was ascribed to degen eiation of lymph, and this was 
sometimes obvious in the poor development of the vesicles This led to 
efforts lo obtain stronger virus Cowpox had become very rare, and though 
rewards were offered in some countries, few cases could be found Retro- 
vaccination, or the inoculation of the cow with human virus, was used to 
revive the stock, but not with the desired success Numeious experiments 
since the time of Gassner (1807) demonstrated that vaccinia is variola m 
the COW' Inoculation of calves with smallpox material, with proper care, 
produces a disease mdistmguishable from piimary oi "spontaneous” vac- 
cinia, and giving the same protection against both smallpox and vaccination 
tliat natural cowpox gives The contradictoiy results of the oft-cited Lyons 
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commission, which believed that vaiiola inoculated into animals icmained 
variola, with all its dangers, are now universally believed to have been based 
on technical errors Inoculation of the first remove of such mateiial is likely 
to produce severe effects, such as intense loeal leaction, general eiuption 
with secondary fever, oi even death (Chauveau) But after seveial tiansfers 
through cows the contagious character is lost, secondaiy fever does not 
follow inoculation, and the matenal can be made to retain its characters 
without bad results 

Etiology — Since vaccinia is then believed to be smallpox, alteied by its 
passage through the cow, the etiological factor must be the same, modified 
m viiulence if not m moiphological characteristics And m fact the history 
of the search for the cause of vaccinia is part of that of smallpox Like the 
latter, vaccine has been investigated in vain by all known methods for 
specific bacterial forms, but none have been found Finally, after vaiious 
indefinite alleged parasites were found, the bodies first clearly described 
by Guarnicii, called by him Cytoiyctes vanolm <ieu vaccinw, have been 
identified by all who have repeated Ins obseivations, although they have not 
all come to the same conclusion as to details or biological position Wasic- 
IcAvski (1901), and especially Councilman (1903) and his fcllow-woikcrs, 
have done the most thorough work, and that of Councilman is impoitant 
not only because of his great experience with problems in pathology icquii- 
mg the same methods, but also because he was led to think that the "intra- 
nuclear” phase of the parasite found in smallpox does not occui m vaccinia, 
iihere the intracellulai or cytoplasmic forms aie constant and numerous 
"The cytoplasmic cycle is simple, and no foims can be found in it which can 
be interpreted as sexual ” The intranucleai forms, much more complicated, 
are probably sexual, according to Councilman 

An important contribution was made in 1904 by E E Tyzzer,^ who used 
labbit’s corneas, inoculating them with vaccine lymph and also with vanola 
lymph He also inoculated calves and sheep, the latter with negative results 
Control woik was carried on by injections of bacteria, applications of chemi- 
cal and other irritants, inactive vaccine lymph, and vaiious toxins The 
vaccine body as desciibcd by Tyzzer has a lesemblance to many of the bodies 
found in various diseases and often rightly considered degeneiation pio- 
ducts He thinks, however, that there aie certain morphological features 
by which then parasitic nature may be recognized, and in this he has the 
support of Councilman and Calkins 

The bodies are found in the inoculated cornea, skm, and mucous mem- 
brane, as early as sixteen hours (cornea), and aie then of small size They 
become more numerous and at the same time inciease in size, and in couise 
of time are found farther away fiom the point of inoculation, but .ilso 
smaller than the older ones nearer the centie In the smallest foiiiis det.iils 
of structure cannot be made out They occui in the cytoplasm of epi- 
thelial cells, and also occasionally between cells The smallest bodies are 
about 1/1 in diameter, and stain more intensely than the cells So far no 
specific stain has been discovered Slightly laiger foims are found often 
near the nucleus of the cell, or in the peiinuclear space Wasiclcv'ski ic- 
gaids the clear space as an aitefact, due to the shrinking of the cjdoplasm 
away from the nucleus and the -saccine body Tyzzer doubts this As the 


'Tyzzer The Journal of Medical Rescaich, vol xi, p ISO 
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bodies increase m size the structure becomes complex A deeply stained 
gianule can be seen iMtlmi the body As it becomes larger an unstained 
area appears surrounding the granule, the aieas being larger than the similar 
areas around most other cell inclusions In the rabbit's cornea at this stage 
the body measures from 5 to 7fi — ^10 or 11 in the slan and mucous 
membranes In the calf the bodies are smaller, rarely exceeding 4/i 
The smaller foims vary much in outline, the larger ones are usually rounded 
or leniform The central granule stains like chromatin No nuclear mem- 
brane can be demonstrated The rest of the body has a reticulai structure 
and stains as cytoplasm 

After the body has reached a relatively large size the chromatin is more 
abundant and irregular It may appear as a mass of granules, and in later 
stages the granules are separate and distinct In other cases the granules 
are in the periphery of the bodies, within small masses projecting from the 
surface, and resemble mulberry forms or segmenting bodies Other forms 
are found, suggesting segmentation, with a residual body Cells containing 
the bodies are larger than normal, and “glassy,” later vacuolated and hollow, 
» but similar changes occur in cells not containing the supposed parasites 
The nuclei of the cells may present various kinds of degeneration Tyzzer 
excludes the possibility of error by confusion with degenerated red blood 
corpuscles, leukocytes, centrosomes, extruded nuclear material, and degen- 
erations such as are caused by vanous infections The morphological 
grounds for looking upon the bodies as organized parasites are, as Tyzzer 
says, very strong He has not made observations on the motion of the bodies, 
which Wasielewski coniinced himself existed 

Tyzzer concludes that the bodies are organisms with etiological relations 
to vaccinia, because — 

“1 The bodies consist of a substance which resembles protoplasm m 
structure, and which always contains masses having the staining reaction 
of chromatm 

“2 The bodies show variation in form corresponding to a developmental 
cycle They begin as small bodies of approximately the same size m the 
early lesions, increase in size up to a certain point, and then undergo seg- 
mentation (both the body and the chromatin) to form the small bodies like 
those from which the series began 

“3 All other hypotheses are insufficient to account for the presence of 
these bodies, their structure, and the changes met with in their growth and 
development " 

Tyzzer leaves the more exact classification of the parasite to the future 
He describes the pathological process m vaccinia as an infection of epithelial 
cells by the small forms These getting near the nucleus grow larger, in time 
segment, infect new cells, and cause the enlargement and proliferation of 
the cells, with the production of an exudation secondary to the degeneration 
of the epithelium It is impossible to deny the probability of the conclusions 
of Tyzzer, but his figures do not lead to conviction any more than do the 
very similar ones presented by various observers in cancer, and by Lowit m 
leukremia 

Eumg’' (1904), came to conclusions at variance with those of Tyzzer 
He first made an effort to distinguish between vaccine bodies and other cell 

^The Journal of Medical Research, vol xii, p 509 
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changes, and ne\t to ascertain the differences that exist between vaccine 
bodies as found in rabbits and man, and those produced in other animals 
that may react to vaccme In a prelimmaiy study of material from autop- 
sies on thirty eases of variola he found the vaccine bodies, but concluded 
they were probably cytoplasmic structures In the study of the corneal 
vaccinia of rabbits he found various forms such as solid globules, reticu- 
lated bodies, and rings The globules and rings were not unlike boies that 
occur in the inoculation of the cornea with diphtheria toxin, but the reticu- 
lated bodies, which are evidently the same as those of Tyzzei, Ewing could 
not produce by any other agent than A^accine He also found large bodies, 
occupying one-half to four-fifths of the cell, crowding the nucleus to one side, 
and showung granules around a central body Admitting the existence of 
transitions fiom small bodies to large ones, Ewing thinks it ]ust as likely that 
these represent steps in the cycle of a degenerative process involving the 
cytoplasm of the epithelial cell This he thinks is borne out by the direct 
connection of many of the larger leticulated vaccme bodies with the cell 
reticulum Though most of the bodies he free, he thinks this is due to arte- 
fact The variable size of the granules is another objection to the idea of • 
organized parasites In shoit, Ewing thinks there is a specifie vaccine body 
w^hicli may follow'^ a definite cycle of development, but which is merely a 
degenerating poition of the cytoreticulum He could not demonstrate amoe- 
boid motion in the bodies His observations on the changes produced by 
vaccme inoculations in various animals led him to conclude that in vaccina- 
tion there is an active diffusible toxin similar to that of diphthena, a pro- 
duction not usual wuth protozoa He also con eluded that the “vaccine body 
IS the particular foim taken m some w'arm-blooded animal of a universal 
property of degenerating epithelial cells ” 

In a later paper Ewung^ (1905) gives the results of the study of [vaccine 
bodies m isolated cells, by means of “Klatsch” preparations from vacci- 
nated rabbits’ corneas When such preparations are properly stained and 
examined they show first a thickening of several adjoining meshes of the 
c}’toieticulum, close to the nucleus The clear zone so striking in sections 
cannot be seen Sometimes the body is continuous Avith the nucleus The 
changes, then, do not resemble endoglobular parasites as much as they do 
certain forms of cell degeneration w'lth the formation of “ chromidial bodies,’’ 
such as Hertwug has found in protozoa and Zuelzer in Difflugia urceolata 
They are explained as due to the separation of the chromatin from the acliio- 
matic substance of the cytoplasm, under the influence of toxins 

These studies necessitate a le-opemng of the question almost closed by 
the work of Guarnieri, Wasielewski, Councilman, Calkms, and Tyzzei 
Ewung makes several suggestions “ It may be supposed that the cytoplas- 
mic stiucture contains a submicroscopic oiganism, that this appiopriatcs 
and alters the cell reticulum as a protecting nidus, and attracts nuclear 
proteids as nutriment ’’ “ Or, it may be supposed that the vaccme body 
belongs to that hypothetical class of parasitic microorganisms in which there 
IS at one stage of development a fusion of the host cell and that of the 
parasitic organism, forming a mycoplasm The theory of the latter, how- 
ever, has not yet been firmly established Or it may be possible to find in 
the meshes of the vaccme body or in some of its stages a definite micro- 
organism ” 

^Tlie Journal of Medical Research, vol xiii, p 233 
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The work of a number of investigators w'lio oppose the theory of Guar- 
nien need not be quoted m detail Suffice it to say that none of them, the 
most notable bemg Salmon (1897), Hueckel (1898) (who thought the bodies 
specific for vaccme, but not organisms), Roux, Borrel, and Sikorsky (1903), 
have successfully controverted the statements of the others quoted Ishi- 
gami (1902) thought he had cultivated the parasites m a special medium 
containing epithelial cells 

Although bactena are no longer believed to be the specific agents of vac- 
cine, they are of great importance m the pathology and still more m the 
practical application of vaccmia Lymph from young mtact vaccine vesicles 
is sterile, but m lymph as ordmarily exammed, bacteria of various lands may 
be found, both in the calf and in the human vesicle Most of them are harm- 
less saprophytes, but pathogenic forms are not rare, though usually not very 
virulent, as the gieat majority of vaccme operations prove Streptococci 
are rare, but have been found m the benign vaccine pustules m children 

The histology of vaccme lesions m human beings has not been as thor- 
oughly studied as that of variola, but the investigations of Pohl-Pmcus (1882), 
Unna (1882), and others, with those of more recent workers, such as Steinliaus, 
Wasielewsky, and Tyzzer, and more especially the studies of human vaccmia 
by Howard and Perkms,^ give us a fairly clear idea of the piocess It begms 
as a hypersemia which increases in the purulent stage Degeneration of 
epithelial cells, with swelling and vesiculation or reticulation, occurs, espe- 
cially in the middle part of the pnckle-cell layer The remains of the punc- 
ture, if one has been made, show as a cleft filled with blood corpuscles, 
broken-down cells, and fibrin Necrosis of cells forms columns that run 
down through the centre of the lesion, and the dropsical degeneration begins 
near these The pnckle-cells become smooth At the end of twenty-four 
hours the epithelimn shows swelling, but not macroscopically Howard 
and Perkins found vesiculation far advanced at forty-eight hours The 
reticulum, made up of fine and coarse fibers, can be traced to hyaline fibri- 
noid degenerated epithelial cells 

As the process advances, hydropic degeneration affects all the layers of 
the epithelium, and may extend to the corium Nuclear changes then become 
more promujent, with numerous mitoses, often atypical, and with various 
forms of degeneration of the chromatin At the maigins of the vesicle the 
cells are often sv ollen and their pnckles lost Cell inclusions may be seen 
Red blood corpuscles and leukocytes occur in the degen eiated tissue at the 
base and sides of the vesicles, eosinopliile cells being often numerous 
Changes m the corium are more marked than m variola (Edema, leu- 
kocyte infiltiation, and vasculai changes, are described by Howard and 
Perkins The sweat ducts and haii follicles are often unaffected by the 
dropsical degeneration, though polynuclear cells appear m them, and the 
ducts, with the degenerated cells along the seat of moculation, show as 
strands among the hydropic cells and account for the umbilication By 
the fourth or fifth day in the calf (Steinhaus), the fourth in man (Howard 
and Perkms), the vesicle ceases to increase in diameter, bu^ becomes 
ele\ ated from liquefaction of its contents In the liquid contents are broken 
down cells, free nuclei, and debris As the epithelial cells liquefy, a gradu- 
ally increasmg immigration of leukocytes takes place, from about the third 

^The Journal of Medical Research, November, 1905, vol xiv, No 1 
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day, causing the contents to become turbid and purulent, and obscuring the 
histological features of the lesion On the sixth day the pustular change 
IS complete, the cellular strands begin to bieak down On the fifth, sixth, 
or seventh day desiccation begins The epidermis grou s in from the sides) 
with numerous nuclear figures, gradually raising up the scab 

Tyzzev describes the changes in the cornea, the mucons membrane (nose), 
and the skin, m vaccmated animals Howard and Peikins could find no 
bacteria in the lesions they examined from the second to the seventh day, 
and they conclude that mixed infection uitli bacteria plays no part in the 
production of the lesions of human vaccinia when the operation is carried 
out under proper precautions These observers conclude that the degen- 
eration and exudation “aie due to the action of a powerful soluble toxin 
which acts very much like diphthena toxin It would appear that immunity 
production is intimately associated u itli the setting free of this poison in the 
lesion, for the oedema and othei inflammatory changes persist long after the 
process m the epidermis has ceased to extend " According to Tyzzer, and 
also to Houard and Perkins, “The vaccine bodies are found constantly 
associated with the lesions, in the cjdoplasm of epithelial cells, and m the 
ducts and gland-cells ” 

The Vaccine Virus — Until late m the 19th century vaccine virus was 
derived chiefly from human vesicles and either used at once — “arm-to- 
arm” — or pieserved in various ways Sometimes the “crusts” or scabs 
M ere used, but must have been unsatisfactory, as they represent a stage of 
the lesion when specific activity is less and contammation greater than in 
earlier phases Arm-to-arm vaccination in general gave good results, but 
it was difficult to keep up the supply regularly except in large cities, and 
even there the usual sources of lymph — foundling asylums — offered obvious 
rislcs The difficulty of mamtaming the supply and the danger of trans- 
mitting other human diseases made it compaiatn ely easy to return to bovine 
lymph, but not to depend upon casual vaccinia Retrovaccmation, or the 
inoculation of coivs uith vaccinia, had often been resorted to in order to 
improve strains of lympli Some early attempts at deriving supplies reg- 
ularly from cattle weie not received with favor, but in 18-12 Negri began 
the cultiiation of boiniie iirus in Naples, and continued it tor many years 
Lanoix introduced his methods and virus in Pans in 1864, but soon after 
substituted for Negii’s nrus that from a case of “spontaneous” cowpox 
discovered at Beaugency Bo^’lne vaccination was then rapidly adopted 
m various European cities, and in 1870 was begun in Boston, by hlartin, 
who imported some of the Beaugency stock It was introduced into Japan 
m 1874, m England not until 1881 

The virus was inoculated after the various methods practiced v ith human 
lymph, arm-to-arm vaccmation being imitated by talnng the calf ivith ripe 
vesicles to the house of the patient, or making diiect inoculations in a central 
locality This method vas abandoned only a few years ago The use of 
ivory slips or “points” coated uith lymph represented a great advance over 
other methods before the piinciples of asepsis v ere well understood 

For various reasons, chiefly technical, vmccine “pulp” took the place of 
lymph soon after 1880 Pulp is tlie uhole lesion, consisting of epithelial 
cells, leiikDcj-tes, led blood corpuscles, fibnn, fat, specific and non-specific 
microorganisms, and debris The use of pulp is often objected to, but with- 
out good reason It is said to contain more pus and more bactena than 
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lymph, but pus should not be present in the vesicles when they are made 
into pulp, and it has not been demonstrated that the whole lesion contains 
more bacteria than an equal quantity of the liquid The so-called lymph 
was often largely blood-serum, but even puie lymph has not been shown to 
exceed pulp m specific action If the prevailing views of the cause and his- 
tology of vaccmia aie correct, pulp must be superior At present the bacteria 
can and should be controlled, no matter what part of the material is used 
The animals used for the production of vaccine are calves or heifers, 
females being generally preferred, and hght-haired ones on account of their 
clearer slan The age is usually three to six months, though it varies from 
one month to twm years The younger the animal the less is the danger of 
tuberculosis, or of a previous attack of cow pox, with immunity and loss of 
time and material The animals should be sound and w ell, and, in order 
to avoid inoculation during accidental disease from travel or change of con- 
ditions, should be kept under observation for a few days Tuberculin and 
other tests are unnecessary, as it is customary to lull the animals before the 
vaccine is used, and the autopsy furnishes more accurate information Vac- 
cination does not lessen the value of the animals for food 

The calves are cleaned as thoroughly as possible before they are taken 
to the operating-room They are then fastened to a suitable table and the 
abdomen is shaved and w^ashed wuth soap and waiTO water Antiseptics 
have been used, but are not necessary In any case the final wmshing is 
done with large quantities of sterilized water and the skin dried with steril- 
ized tow'els The operators, m sterilized clothing, observe the usual rules 
of asepsis A series of mcisions is made m the prepared skin, about one 
inch apart The area treated varies m different institutions, sometimes 
extending from the inguinal folds to the level of the navel, sometimes to 
the axillary folds Othei areas, such as the escutcheon or the scrotum, are 
sometimes inoculated The sides and back are not used on account of the 
toughness of the skin If moie than slight bleeding occuis it is checked by 
pressure with sterilized towels The “seed” vaccine is spiead over the 
prepared surface and allowed to dry The seed is of various kmds, either 
glycermated bovine virus selected with care from particularly well-devel- 
oped vesicles and of tested bacterial purity, selected humanized virus, or 
material derived more or less remotely from human variola Some of the 
best stiains m Europe are of this kind It w'ould be of great scientific interest 
and some practical value to have records of all vaccine strains, but as it is, 
makers often do not know or are unwilling to state the source and nature 
of the seed 

Course of the Lesions on the Calf — ^In a successful case the incisions 
show^ red borders in about forty-eight hours On the third day a sw elhng 
appears, with a series of papular elevations By the fourth to the sixth day 
the vesicles are usually well-developed The incision causes a central depres- 
sion that prevents the umbihcation from showung w^ell The tops are w^hitish, 
the bases red around the vesicle Dunng this time the animals are kept m 
clean stalls and carefully obsen^ed Dressings are not generally used The 
vesicles are not easily ruptured in the early stages The material is gathered 
between the fourth and sixth days, or at a time wdien the vesicles are w^ell 
developed but show no eiidences of suppuration At the proper time the 
animal is again put on the table, the abdomen thoroughly w ashed wuth w'arm 
W'ater and soap, rubbed by hand, finally washed with sterilized water, and 
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dried This removes the dried superficial epidermal scales and does not 
break the vesicles For the removal of the pulp a large curette is drawn along 
each row of vesicles, taking these oft very thoroughly without much con- 
tamination with blood 

After the pulp is all secured, it is ground in a special mill under aseptic 
precautions, m order to render it homogeneous It is then thoroughly mixed 
w'lth glycerin and kept for several weelcs to “ripen ” The object of the 
glycerin is to destroy the bacteria, either m the vesicles at the time or acci- 
dentally introduced into the pulp and depending partly upon the care of 
the animals, partly on the thoroughness of asepsis of the mstitution Glyc- 
erin was used with vaccme lymph very early, as by Cheyne, m 1850, to keep 
it fluid, by Mueller, m 1866, to increase the bulk, but it was not until 1891, 
when Copeman showed the effect of glycerin, on vaccine and its contaminat- 
ing bactena, that its use became general For some years before that many 
antiseptics were tried and abandoned 

Copeman proved that in glycennated pulp the bactena become gradually 
reduced m number, and even disappear at a time when the specific agent is 
still unimpaired Drying has a similar effect on vaccme, but glycerin has 
the advantage that besides dehydrating the germs, it permits the formation 
of a homogeneous emulsion, part of which can easily be tested, and so per- 
mit accurate conclusions as to the qualities of a large amount of lymph 
In glycennated virus the specific action has been found present after as 
long a period as one year, but it may become inert within a month after the 
bacteria are killed, especially if the virus is exposed to ordinary summer 
heat Gieat dilution does not destioy the practical efficiency of glycennated 
lymph The usual proportion is about one part of lymph by w'eight to ten 
parts 50 to 60 per cent chemically pure glycerin, but dilutions of 1 to 2,000 
have gi\en good results One calf may furnish 3,000 to 6,000 portions, and 
perfect vaccination has been obtained from lymph representing one-hfteen- 
thousandth of the yield But this gives only the favorable aspect of the 
glycerin Its effects on the bactena and on the specific germs are modified 
by other factors Glyceiin acts best on bacteria at a temperature of 37° C 
or above, very little at low tempeiatures, but the vaccme germs are injured 
by temperatures very little above 37° C , though they resist cold to a remark- 
able degree Moreover, the bactencidal action of the glycerin is very imper- 
fect in practice, so that careful tests are necessary, even if the npening has 
been earned out the usual time of four to six weeks 

Valuable as glycerin has been, it does not obviate the need of scrupulous 
cleanliness, and until w^e are able to cultivate the specific organisms pure, 
efforts should be made to find a better agent Such efforts have in fact been 
made Green (1903) show^ed that chloroform vapor eliminates the bacteria 
w^hile leaving the specific elements fully potent According to Green 's modi- 
fied methods (1904) a current of air containing chloroform vapor is passed 
through the emulsified virus for one and one-half to two hours, the inlet and 
outlet’tubes are clamped, and the material put in the ice-chest for eighteen 
to forty-twm hours Or the current may be continued for six houis, and 
repeated if necessary Green has chloroformed vaccme five hours a day 
for eight days without diminishing its potency, w^hile emulsions contaming 
as many as 100,000 bacteria per loopful have been made free in one to six 
hours Only non-spoie-bearing bactena are killed in this way, but Green 
pomts out that among thousands of specimens examined the only spore- 
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bearing germs in lymph were non-pathogenic Green reports 48,027 cases 
1 accmated n itli chloroform lymph, giving 97 6 per cent of success, and an 
insertion success of 91 3 pel cent As he points out, the method has especial 
value in sudden and urgent demands foi lymph and in hot climates Gay- 
lord and Wheeler have shown that potassium cj^anide m 1 to 200 noimal 
solution has a eomplete bacteiicidal action without m any way m]uring the 
specific organisms Further mvestigations with these and other substances 
should be earned out 

Glycerinated lymph is generally dispensed in small glass tubes, each con- 
taining enough for a single operation In Europe it is also sold m small 
bottles, for vaccinating on a large scale Ingenious modifications consist 
m putting up glass oi ivory points, coated with the lymph, m sealed glass 
tubes Dry points are still in use and are preferred by many to the glycer- 
inated lymph They are sometimes made from glycerinated virus, the dry- 
ing being assisted by coating or mixmg with steiile blood serum Much 
glycermated lymph sold m the United States has been of very poor quality, 
but theie has been a distinct improvement and it should be preferred to the 
dry vaccine 

The preparations are rarely free from bactena The extensive examina- 
tions of Rosenau and many others rarely show no giowth, but the number 
may be very small It seems qmte possible to reduce it to less than tv enty 
per prepaiation In “poor” vaccine there may be fiom several thousand 
to a number too large to count 

Vaccine in all forms, dry or glycei mated, is capable of deterioration from 
a number of causes Kept free from bacteiial contamination and at a low 
temperature, the virus remains active for many months High temperature 
is likely to weaken or even destroy the activity of the virus In tropical 
Africa it IS said that humanized vaccine, moculated aim-to-arm, loses its 
effects in thiee or four generations Animal lymph passing through the 
Red Sea must be packed in ice 

The question of the relative stiength of bovine and humanized virus is 
not a simple one, because there is no constant standard for either, and the 
propoition of takes with the two kinds varies greatly Much humanized 
virus V as almost or quite inert in the days when it was the only kind used 
Bovine vnus also may become weak There has been an effort on the part 
of many makers to furnish the v eakest possible vaccine This is veiy attract- 
ive as long as the question of immunity is not raised, but it goes far to defeat 
the object of the operation and to give opponents of vaccination arguments 
against its value The ideal should be the most mtense specific action 
compatible vith a safe local lesion Much could be done in this v ay by a 
scientific application of the Imown facts of descent and of the mcrease of 
virulence of specific germs 

The practical advantages of bovme lurus are obvious It permits selection 
and cultivation of seed moie than does human vaceme It can be prepared 
m large quantities, at short notice It is free from the danger of syphilis, 
and with proper safeguards can be made as harmless, bacteriologically, as 
human in us can The chief disadvantage is the possibility of contamma- 
tion with pathogenic germs, but this can be v holly avoided by careful exam- 
ination of material before it is put in the hands of vacemators 

The Operation — ^The first method, and that of Jenner himself, was 
simply an imitation of the variolous inoculation Punctures or short incisions 
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were made and the virus mserted Later, blisters were raised on the skin 
and the virus placed on the abraded surface The incisions nere inci eased 
in number, then cross scratches were made, and finally the operation became 
a denudation of the epidermis, sometimes of very considerable extent The 
disadvantages and dangers of such an operation are obvious, for while it js 
possible to abrade so superficially that the vaccme will take and yet the 
epidermis heal over befoie the vesicle forms, as usually made the abrasion 
IS followed at once by a scab of more or less thickness, under and around 
which the lesion must develop The scab not only interferes with the devel- 
opment of the normal vesicle, but is irritatmg and induces rubbmg or scratch- 
ing, which promote secondary infection and give the most favorable 
conditions for the development of infections from germs either pre\ lously in 
the slan or mtroduced m oi with the vaccme Tetanus especially may be 
expected to flourish under ]ust such conditions 

The best method would seem to be the simplest, and, in fact, incisions 
are the only operations permitted by the vaccine laws of Germany and are 
recommended by the Local Government Board of England 

The point of election for vaccination is the outer surface of the upper 
arm, over the insertion of the deltoid muscle This is not only convenient 
for the operator but also for the patient during the development of the 
lesion, and it seems less likely to be followed by severe glandular complica- 
tions than are many other parts The leg is sometimes vaccinated m order 
to avoid the disfiguring effect of a vaccme scar In regard to this it should 
be said that a normal vaccine scai is not a deformity, and on the other hand 
any part of the leg is more exposed to traumatism and therefore to complica- 
tions than IS the upper arm The writer always refuses to vaccinate on the 
leg unless the patient will stay m bed until the vesicle has healed, an objec- 
tion that never fails to change the situation If the leg must be vaccinated, 
the operation should not be done on the front of the thigh, but on the calf 
below the head of the fibula Flachs recommends the side of the chest, about 
the level of the sixth iib, m the axilla, because it leaves a scar that is not 
visible, has little motion, and can be easily bandaged The greater heat and 
moisture, and hence the greater danger of complications, make this situa- 
tion most undesirable 

The number of insertions has an important bearing on the probability of 
taking, as well as on the protection, and we should not depend upon one 
The German regulation of 1899 requires at least four incisions each 1 
centimeter long and 2 centimeters apart The Local Government Board 
of England directs that four vesicles should be produced and that the total 
area of vesicle formation should be not less than half a square inch The 
author’s plan is to make not less than two incisions, each about 1 inch long, 
and from f to 1 inch apart, but in case of exposure to smallpox to make 
three or four, each 1 inch long 

“Vaccination is to be looked on as a surgical operation and earned out 
with all the precautions necessary for the prevention of septic infectious 
disease Especially must the physician carefully consider the cleanliness of 
his hands, the instruments, and the place of operation” (German require- 
ments of 1899) The seat of the operation must be clean, but not neces- 
sarily treated with antiseptics Usually it is enough to clean the skin vitli 
stenhzed water, but if the arm and the clothing are dirty the arm must be 
thoroughly washed with soap and Avater Even m such cases it is doubtful 
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whether antiseptics should be used, but if they are they should be washed 
off with alcohol and ether The less the skin is iiritated the less the danger 
of complications 

The best instrument to use is a scalpel, sterilized by dry heat, steam, or 
boiling The incisions should not be deep enough to diaw blood m large 
drops Minute drops do no harm If the incision is too deep it is better to 
make another A little practice enables one to estimate the toughness of the 
skin and the sharpness of the blade, and to get at least the latter part of the 
incision the proper depth (Cioss scratches and punctuies are forbidden 
m Piussia) 

In the incisions the virus is gently rubbed, not ground, and then allowed 
to diy Dressings are not necessary in the beginning Pads, plasters and 
shields increase irritation by heat and moisture and often cause softening 
and breaking down If the clothmg is not perfectly clean it is well to pm 
a piece of sterilized calico on the sleeve so as to protect the seat of operation 
Bathing need not be omitted, nor any ordinary occupation avoided A 
properly made wound quickly heals A normal vesicle lias a tough skin 
and cannot easily be broken before it is mature If the vesicles become 
broken a light protective diessmg, not more than four thicknesses of aseptic 
gauze, should be put over the wound in such a ivay as not to rub Collodion 
answers well, but should only be applied along the edges of the gauze If 
the vesicles become infected they should be treated like other infected 
wounds, and by no means neglected from fear of ruining the vaccination 
It IS better to vaccinate a second time than to allow such a wound to go 
untreated 

Cluneal Features of Vaccmia m Man —The best indices of the efficacy 
of vaccination are the course of the vesicle, the general symptoms, and the 
scar Ultimately we may learn more exact guides to the immunizmg power 
of vaccine, but at present we can only say that if the vesicle and scar are 
characteristic there is more or less immunity, if they are not characteristic 
we must admit that immunity can not be considered present The import- 
ance of knowing the characteristics of the vaccine lesions, strongly insisted 
upon by Jenner, is therefore obvious It is chiefly on account of the gieat 
diagnostic value of the vesicle and scar that subcutaneous methods of 
vaccination are not to be commended These quasi-scientific methods 
reach their extreme m the proposal of Joukowsky to vaccinate the umbili- 
cal cord 

The typical features of vaccinia are singularly alike m successful cases 
The stage of incubation lasts about three days The seat of inoculation 
may heal at once, or show a local reaction such as redness or failure of the 
incision to heal rapidly, depending partly on the condition of the subject, 
partly on the irritation produced at the opeiation At the end of the third 
day small papules appear They are rounded but soon become flattened 
mtli increasing size, round or oval in outline, of a bright red color, and feel 
hard but superficial On the fourth day the summit becomes vesicular, and 
a central depression oi umbihcation rapidly develops By this time the skin 
around the lesion is deep led and slightly swollen, and this areola or halo 
grow s V ider as the lesion becomes mature By the end of the seventh day 
the ^ esicle has reached its full size It is round or oval, flattened on top, the 
middle part umbihcated, and sometimes shows a small scab from the incision 
The top is V hitish, yellowish, bluish, or grayish, sometimes compared ivith 
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pcail or alabaster The sides are sloping, the slan elose to the base is deep 
led, extending from 1 to 2 centimeters, and beyond this, sometimes, tliere 
IS a palei zone which passes giadually oi abiuptly into tlie health> skin 
The contents of the vesicle are cleai and wateiy but somewhat sticky If 
punctured the vesicle may be shown to be multilocular By the eighth day 
the vesicle loofo yellowish, the middle part is somctmies fuller for a short 
time, but m a day or two sinks down, from desiccation (“secondary umbih- 
cation”) The areola is often redder at this time, 2 to 3 centimeters or 
more in radius, the surface is rough, like orange peel, the edge is often 
sharply circumsciibed This part is mduiated, sometimes quite deeply 
Its outlme may be very irregular, with islands of red sbn near the edge 
In such cases the arm is swollen, the slan feels hot, the axillary glands are 
swollen and tender From the ninth day the areola fades, sometimes becom- 
ing yellowish from alteied blood, the swelling subsides From the eleventh 
01 twelfth days the vesicle rapidly dries, foiming the “scab, ” which is brown, 
hard, and wrinkled oi fissured ” Finally, sometimes not until the end of the 
third or fourth week, the scab falls off, after becoming loose at the periphery 
The scar at first is deep, the edges are shaiply defined, the floor flat, and 
deep red in coloi It slowly grows pale and nearer the level of the skin, and 
shows distinct pits or “foveations,” one of the most important features of 
a “good” vaccination The final size of the scai is much less than that of 
the recent state or the mature vesicle 

The local sensations associated with the development of the vesicle vary 
much in different individuals Some do not complam and show no evidence 
of rubbing or sciatching Otheis, who do not seem more severely affected, 
complain bitteily, and cannot be prevented fiom rubbing, sciatching, or 
tearing at the skin Dunng the height of the development of the vesicle the 
patient often, but not always, experiences more or less malaise, loss of appe- 
tite, sometimes nausea or even vomiting, headache, and pain m muscles and 
bones oi m the lumbar region 

As regards the body temperature Hennig and Bohn found a slight rise — 
0 5° to 0 7° F in the first three days, but Sobotka could not If present it 
IS doubtless due to initation of the wound From the third to the seventh 
day the temperature is remittent, rising a few degiees, and remains about 
this point but with less marked remissions for two or three days longei, and 
then rapidly falls to normal Tlfe fever does not seem to bear any propor- 
tion to the size and number of the lesions, provided they are not complicated, 
but IS closely related to the areola, according to Bohn Severe nei\ous 
symptoms, especially convulsions, do not occur Huguenm looks upon fever 
as an essential part of vaccinia, as Zaehrer (1846) did long before Accord- 
ing to him children who do not have fever must be vaccinated again, but 
Sobotka m a few cases could find no definite elevation of temperature in the 
vaccinated new -bom Vaccination after a take does not alter the character- 
istic curve, nor does opening the vesicle (Sobotka) The nitrogen excretion 
IS increased for a short time about the tenth day, and diminished later 

The red blood corpuscles and luemoglobin show no distinct anomalies 
m vaccination, but the leukocytes, according to several observers, are in- 
creased In primary vmccination Sobotka and Ennquez and Siccard found 
a leukocytosis of as much as 23,000, the former wuth the polynuclears, the 
latter wuth the mononuclear cells increased, myelocytes w^ere rarely present 
Billino-s found a maximum count of 15,000 leukocytes, with the neutrophiles 
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especially concerned, most marked from the si\th to the eighth day, and 
disappearing m two to four days more Sobokta also found an early leuko- 
penia, and a secondaiy leukocytosis, beginning about the tenth day, with an 
intermediate low leukoc 3 i;e count Courmont and Montagnard saw nothing 
abnormal m the blood m adults, and Enriquez and Siccard found the blood 
negative in generalized vaccinia Sobotka calls attention to the resemblance 
of the blood changes to those in variola 
The Nature of the Changes m the Body after Vaccmation — Oui 
Imowledge of the processes brought about by vaccmation is not as complete as 
it is in the case of several other infectious diseases We can no longer look 
upon vaccination as meiely a local skin lesion, but the difficulty of recogniz- 
ing the parasites and the doubt sui rounding inoculation experiments throw 
much uncertainty about the fuithei details of the pathology It was sup- 
posed at an eaily time (Reiter, 1872) that the parasites of vaccinia occur in 
the blood, but latei investigations were contradictory Raynaud (1877) 
was not able to vaccinate with blood from vaccinated children, even taken 
from near the vesicle Monti found the heart-blood non-infectious He, 
and also Guamieri, found the supposed parasites in the lesions m the 
larjmx and pharynx, and Monti showed that the latter were infectious, as 
were also the lungs, testes, and spinal coid, while the other organs were non- 
mfectious This negative result was opposed by Frosch (1896), who claimed 
that vesicles could be produced by inoculation with almost all the organs, 
the inguinal glands and spleen being most certain, and that this continued 
for three or four weeks after vaccination These investigations indicate, 
as pointed out by Huguenm, that it is not the dymg out of the parasites that 
causes recovery from the symptoms, but that the body acquires a new con- 
dition, m which the infectious agent is mdifferent, or, as it is now expressed, 
the body is immunized 

That protective substances are formed in vaccinated animals is a pnoii 
probable, and was demonstrated as early as 1867 by Froelich The work of 
Raynaud, however, gave a stimulus to experiments not yet brought to a 
conclusion though already of great value There are many apparent con- 
tradictions in the results, but the following summary gives the chief addi- 
tions to our knowledge of the sub 3 ect 

The blood-serum of vaccinated animals during the maturity of the vesicle 
or somewhat later — i e , from the eighth to the fifteenth day — is effective 
against subsequent vaccination After that time the serum is not effective 
in checking wholly or in part the development of vesicles This power is 
probably closely associated with a precipitatmg action 

As shovm very early (1892) by Sternberg, and confirmed by Kmyoun, 
Reed, and others, the serum of immunized animals neutralizes vaccine, 
and evidently contains a substance that kills or inhibits the specific agent 
The substance is produced in very small quantities, so that it can not easily 
be applied as a practical measure, and soon disappears from the blood, 
leavmg the organism able to check the activity of the parasites and to render 
their toxins harmless Under the influence of the parasite the body pro- 
duces protective substances nlnch are antiparasitic m other bodies That 
the parasites arc not lallcd at once, even under the active immunity, is 
demonstrated by many of the experiments In the immune body the para- 
sites are able to live for a time, in others, they cannot only live, but also 
cause infection 
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Freyer made cleai what some earlier observations had shown to be prob- 
able VIZ , that repeated injections of vaccine lymph furnish an antiviiulent 
serum of greatei power than can be obtained by the ordmary skin inocula- 
tion At present this woik has no piactical application, but its theoretical 
bearing is very important, and modifications of the previous expenments 
may open up new therapeutic possibilities 
Empirjcal Facts Regarding the Immunity of Vaccinia —Vaccination 
produces immunity toward itself at a somewhat variable peiiod When 
vaccination is repeated daily, as in the “vaccinization” sometimes used, it 
ceases to take usually between the fourth and sixth days By the eighth 
day in a normal vaccination there is immunity not only to vaccination, but 
also to smallpox Exceptions to this made Layet put the period of safety at 
the ninth day, and Burckhardt the eleventh Most of the experience regard- 
ing the exact period of immunity against smallpox is derived from the early 
days, when the results were tested by variolation Sacco got only local 
eruptions by inoculating smallpox from the eighth to the eleventh day, none 
at all aftei that 

It is irrational, however, to fix a definite time for the appearance of vaccine 
immunity As m other diseases this varies within certain limits, according 
to the subject and the intensity of action of the vaccine 

A very important practical question is with reference to insusceptibility 
to vaccination, regarding which there has been much unnecessary difference 
of opinion It was known m the period when smallpox was universally 
pre\alent that certain people escaped it The conditions can haidly be 
essentially different in vaccination It is not to be supposed in either case 
that the immunity is permanent and complete Illoway has published a 
case suggesting that one part of the body may be immune and others not, 
toward vaccination If we admit, as some do, that there is no such thing 
as natural immunity against vaccination, we have to ascribe all the failures 
to imperfections in the lymph or technique, and from a practical stand- 
point we cannot do better than take such ground The alternative is scien 
tifically well founded, but can not be positively proved Few can say, with 
Cory, that they have made many thousands of vaccinations without a 
failure, unless the criterion of success is placed dangerously low, but many 
can recall cases in which several unsuccessful attempts have been made, 
and then at some later time the patient has taken vaccination or acquired 
smallpox 

Smallpox itself does not render the body permanently immune to vaccina- 
tion as is proved by numerous cases It is often assumed that if vaccination 
takes, the subject would have taken smallpox if exposed, on the other hand, 
if it does not take the subject is supposed to be immune Neither conclusion 
IS justified, and the second one has often led to serious consequences 

Congenital or Hereditary Immunity — Curiously m contrast vith the 
disbelief m temporary msusceptibihtv to vaccination is the view that has 
been expressed as to inherited immunity from vaccination of the mothers 
There are several sides to this question In the first place it may be said that 
vaccination has not been general enough nor perfect enough to account for a 
large number of immune children There are doubtless cases of congenital 
immunity to smallpox, from intra-utenne infection, but these are too rare to 
permit any other conclusions than tliat vaccination in the late stages of 
pregnancy may give immunity to the foetus The most important aspect of 
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the question is that no convincing investigations have been published 
demonstrating the alleged immunity on a large scale Huguenm gives 
some interesting data Thus, Perroud vaccinated a pregnant woman and 
failed repeatedly to vaccmate the child Gast vaccinated sixteen pregnant 
women and was able to vaccmate all the mfants two or three days after 
birth The pustules showed only slight redness, but Gast asserts that is 
often the case in the new-born Burcldiardt vaccinated eight infants whose 
mothers had been vaccmated m the eighth or ninth month, vith results 
almost wholly negative This was true of some other experimenters, but on 
the other hand Kranz and Wolff (each seventeen cases, none immune) and 
others got positive results m some or all cases tested While Lop thought 
70 per cent of such children were immune, Hervieux considered the im- 
munity so produced exceptional As no evidence has been advanced show- 
ing the duration of immunity acquired m this way there is no reason to 
depend upon it in practice 

Vaccine immunity can probably be acquired, as that of variola is thought 
to be, through milk, but very little is IcnowTi on tTie subject, the scientific 
interest of which is great 

As vaccine immunity varies m the time of its appearance, so does it vary 
in duration when once established This general law, true of all diseases 
that produce immunity, was often unrecognized m the early days of vaccina- 
tion, and even now is often overlooked Failure to recognize it lies at the 
basis of much of the present-day smallpox, and much of the anti-vaccmation 
movement Even m Jenner’s time there were those who doubted hf e-long 
immunity, some of them putting the time as low as three years Early 
cases of smallpox in vaccinated people and early revaccmations were mis- 
understood, and it was not until revaceination was carried out on a large scale 
that materials were prepared for such a demonstration as that of 1870-1871 

Since revaceination is an essential part of the operation it is necessary to 
learn something about its operation, and Bohn gives a useful classification 
of the results of tins m practice 

1 Completely successful Lesions precisely like those m primary vaccina- 
tion, all the phenomena severe Incubation three days, traumatie reaction , 
rapid formation of papules and vesicles, marked areola, typical pustule at 
the end of the seventh day Fever on the fourth day, pain and swelling of 
the axillary glands on the sixth day, induration of the areola on the seventh 
and eighth days, with swelling of the upper arm, end of fever at the tenth 
or eleventh day, after going as high as 104° F 

2 Like the first class, but with a more rapid course Height of the pustu- 
lar stage on sixth day , fever from the fifth to the eighth day, slight glandular 
sv elhng 

Both of these classes furnish active lymph on the fifth and sixth days 

3 Short incubations, twenty-four to thirty hours, at the end of this an 
itching papule, vesicle on the fourth day, with or without umbihcation, 
pain m the axilla On the fifth day a brief appearance of areola, with very 
little fever By the eighth day desiccation From this and the forms to be 
described vaccination cannot be earned out 

4 Rapid development of an abortive lesion with mmute vesicle on the 
second and third day, very small areola This group cannot be sharply 
separated from— 

5 In nhich there is either no reaction, or only a slight erythema 
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These incomplete lesions have an important but still unsettled beanng on 
the completeness of immunity They often result from and indicate im- 
perfect immunity, and the partial success may be said to increase the 
immunity But how long this is going to last m an individual patient we 
cannot tell Such patients, m tunes of danger, should be revaccmated 
It IS clear that no fixed penod can be given for the duration of vaccine 
protection The ten-year average is probably too long for the individual, 
but gives good results when followed on a large scale, the periods of three 
months or one year advocated by certain vaccinators is shorter than is 
necessary for practically complete piotection, the five-year mterval of 
Japan is a good one m many respects, though perhaps not better than the 
revaccmation m the twelfth year obligatory m Germany The success of 
revaccmation varies much m different times and places, a large part of the 
variation being obviously due to perfection of technique and quality of 
lymph In Germany it often exceeds 90 per cent , and m any place where 
the primary vaccination is good it is usually more than 50 per cent 

Vaccinated people may acquire smallpox, but m much smaller proportion 
than un vaccinated This has been shown so often that it is remarkable that 
those who oppose vaccination because of its occasional failures do not recog- 
nize it The general superiority of the revaccmated German soldiers over the 
civil population m 1870-71 has been mentioned This becomes more 
ob^nous by comparing some figures 
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The total statistics for Germany are most convincing, but a few examples 
must suffice According to the reports of the Imperial Health Office there 
were, among the 56,000,000 German population in the thirteen years, 
1891 to 1903, only 626 deaths from smallpox In Berlm there were 70 cases 
(not deaths) m seven years, in Cologne 1 m ten years, and m Frankfort 
9 deaths m ten yeais The cases aie most frequently in foieigneis, and the 
cities most affected are those chieffy resorted to by foreigners Thus, 5 fatal 
cases in Berlm m seven years were all m foreigners Another staking 
example is furnished by the exposure of 260 medical students to 2 patients 
with smallpox Two of the students contracted smallpox, both of them 
Italians (and both revaccmated) 

Another well demonstiated fact is that vaccinated people who contract 
smallpox have it, on the average, much less severely than others Huguenin, 
from the statistics of 62 hospitals, gixes the following Mortality of un vac- 
cinated from smallpox, 46 6 per cent , of vaccinated, 9 2 per cent These 
figures do not apply to other statistics, as both the type of epidemic and the 
efficacy of the vaccination vary Spalding states that no vaccmated school- 
child m Chicago has had smallpox m the last ten years, though the disease 
has existed m epidemic form part of the tune Of 600 students who wsited 
the smallpox hospital frequently, none took the disease All of them were 
vaccinated and revaccmated 

Abnormalities of Vaocmation— Vaccination does not always run the 
typical course (even m primary cases) that has been described Jenner well 
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imderstood this and pleaded for a caieful training on the part of vaccinators, 
but this has often been neglected, with disastrous results in many cases The 
variations are numerous, but can be placed under a few simple heads, as m 
the classification of Colcott Fo\, modified by Pernet 1 Local abnormalities 
or irregularities m the development of the vesicle 2 Incidental exanthe- 
matic eruptions 3 Diseases inoculated with lymph at the time of operation 
4 Diseases chiefly septic, which find a nidus m the wounds subsequent to 
the operation 5 Diseases excited m subjects specially predisposed to the 
same 6 Accidental vaccination 7 Intercurrent disease 

The local lesion may be atypical either in its physical characteristics or in 
the time of its evolution Differences in the time and duration of the various 
stages are common m revaccination, and have been described m connection 
with that In primary vaccinia they are not so usual, but may occur either 
from partial immunity or from inferior lymph Rapid bcginnmg sometimes 
occurs, and is likely to be followed by an abortive later course Poor lymph 
often causes slow development of the vesicle, which may not appear for 
from several days to several weeks, or even months, as claimed by some 
authors — one year in a case reported by George Harley, fouiteen years by 
Sir Thomas Watson A delay of more than three or four days should stamp 
the operation as imperfect, unless a typical lesion follows In that case the 
event should be recorded Sometimes if a second operation is done before 
the appearance of the papule, both inoculations develop simultaneously, or 
the one overtakes the other and they reach maturity at the same time This 
phenomenon, known since the early days of vaccination, has never been 
explained 

Certain accidental causes have some bearing on the rate of development 
of vaccination Cold retards it, warm weather often hastens it, existing 
diseases often delay it 

The anomalies of the local lesion may resemble those described as occur- 
ring under revaccination, but there are some others that are more certainly 
due to peculiarities of the lymph They have long been known as “spurious” 
or “pseudovaccinia,” “vaccinoid,” “vaccinella ” These have so great a 
variety that it is difficult to classify them, but if we bear in mind the numer- 
ous transitions, the classification of Morrow is very helpful He described 

1 “A vesicle containing opaque or straw-colored lymph, which makes its 
appeaiance usually on the second day, is irregular m form, the areola may 
be complete by the fourth, fifth, or sixth day There is nothing fixed or 
definite m its course, it suppurates, dries up, the scab usually falls off by 
the tenth day, leawng a pigmented base 

2 “A small reddish tubercle, more sensible to the eye than the touch, 
enlarges to fourth or fifth day, crusts over, dries up and disappears, leaving 
no cicatrix 

3^ “A single bulla, or instead a group of herpetic vesicles, ('water pocks,’ 
or 'vaccime bullosre,’ or 'pemphigoides,’) containing transparent fluid, de- 
veloped from a non-infiltrated base, with thin, tense walls which soon burst 
The exuded fluid may give nse to eczematous or phlyctenular eruptions 

4 “A vesicle which may run a normal couise until the eighth or ninth 
day, then rupture, crust over, vnth progressive ulceration beneath The 
ulceration may extend both superficially and deep There is usually pam 
and svelhng of the axillary glands, and a high degree of constitutional 
disturbance 
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5 “A pigmented tubeicle supposed to be a specific product of bovine 
lymph, as its appearance dates from the introduction and general use of 
animal vaccination in this country, it is known as the "raspberry sore ’ 
It attains the dimensions of a large pea oi coffee-gram , globular or irregular, 
of apple-jelly hue, or fiom a blight to a dusky red It is soft and elastic’ 
and gives a deceptne indication of flimd Puncture is followed by the 
escape of a drop of i eddish serum, the inoculation of which, according to 
some obseivers, produces a lesion of identical character In from foui to 
eight weeks it gradually disappears, leaving pigmentation but no cicatrix ” 
As Morrow pointed out, this is probably not a new sore due to bovine lymph 
It seems, m fact, unnecessaiy to separate this from the second group, of 
which it seems to be merely an exaggerated example 

The explanation of these anomalies is impossible at present They 
probably depend wholly upon imperfections or contaminations, or both, of 
the virus Theie is no convincing reason for looking upon them as mdicating 
protection against smallpox The wiiter has seen several cases of smallpox 
m the last few yeais vith histones and sometimes recent scars of these 
anomalous sores Neither is there any reason to believe that these sores are 
related to vaccinia as vanoloid is to smallpox In some cases there is a short 
immunity to vaccmia, and sometimes (hard to prove), apparently to small- 
pox, but neither are constant They are related to “vaccinia without 
eruption ” This may be admitted as a theoretical possibility, but it has 
no practical value 

In all cases n here the vaccine lesion is atypical in course or in the scar it 
leaves, the operation should be repeated within a period depending largely 
on the danger of smallpox If that is present, it is better to vacemate at 
once, if not, within six months or a year at most 

An interesting but unimportant anomaly is the appearance of small 
vesicles neai the principal ones about the third oi fourth day — ^secondary 
vesicles, or “vaccinolai ” The writer is convinced they are not alv ays due to 
accidental inoculation of the surface of the skin, but that they anse from 
geims transported m the slan but not necessanly specific germs They are 
not uncommon in vaccinated calves, and though they recall the distant 
eruption m natural oi inoculated smallpox, they are probably qmte different 
m cause and significance They do not necessarily indicate a strong or active 
specific geim, but m calves often follow inferior lymph 

Incidental eruptions have been noted from the beginning of vaccination 
They depend upon the same general causes as other similar skin manifesta- 
tions, and reqmre a ceitam bodily predisposition They have various types 
— ^roseolar, resembling the rashes of measles or German measles, or more 
diffuse like that of scailet fever, or they are urticarial or like the various 
manifestations of erythema multiforme Most of them begin near the seat 
of inoculation, but the erythematous form has a special predilection for the 
extremities, and the urticarial variety may mvolve the mucous membranes, 
as the bionchi These tvo forms may begm as early as the second day, 
the moie superficial eruptions usually late, from the seventh to the tenth 
hlinute A esicles sometimes occur at the height of the lash, and pigmentation 
wnth degeneration follows 

Relapse of vaccinia has been reported by a few writers within a month or 
six weeks of the operation 
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. An anomaly of some importance is the hypertrophied scar that some- 
times follows It may occur even after a typical and uncomplicated lesion 
Red at first, it finally becomes pale It is rather hard, involves the true skin, 
resembles a keloid m appearance, but usually disappears very slowly, and 
thus IS free from the most important characteristic of true keloid, which, 
however, sometimes occurs in the negro 

In some cases a growth of hair is stimulated around the scar 
Generalized vaccinia is a term that has been applied to conditions not 
always the same Strictly speaking it should be applied to cases m which 
a widespread eruption appears on the body, with the anatomical and in- 
fectious characters (inoculability) of the primary vesicle Most of the 
cases reported under this name have been eczema or other skin disease in 
which vesicles or pustules have occurred in larger or smaller numbers In 
some it could be demonstrated that multiple infection had occurred from 
scratching In many the lesions were not characteristic m course, though 
they were m anatomical features Henoch has emphasized the close anatom- 
ical resemblance of certain eczematous and accidental eruptions to vaccinia 
and variola In a few cases there was a widespread infection without a 
previous skin disease Martin reported one m which a calf was successfully 
inoculated from the contents of some of the vesicles, and from the calf m 
turn a number of children and an adult Groth reports a case and states 
that from 1885 to 1900, out of 2,285,579 vaccinations in Bavaria there 
were 50 to 60 cases of generalized vaccination As Malcolm Morris says, 
the remarkable thing about generalized vaccinia is that it is not more fre- 
quent The prognosis is good in simple cases, bad in those depending 
upon an eczema 

Accidental vaccmation and auto-vaccination are not very uncommon 
They are likely to occur from scratching of the vesicle, though they have 
often been produced by infection from one person to another In many cases 
the genitals have been the seat of the secondary vesicles, often producing, 
especially on the vulva, lesions that may give nse to much difficulty in 
diagnosis The same difficulty often aiises when the vesicle is m other 
parts of the body Another common seat of accidental vaccmation is the 
face Mucous membranes in various localities have been involved A 
common and very important locality is the eye, either in the conjunctiva or 
the cornea, and which was fatal m a case reported by Dietter Blindness 
has often followed, and m 9 out of 61 cases there was more or less distur- 
bance of vision 

Accidental vaccination of the nose is perhaps more frequent than the 
reports indicate Lubhnski gives 4 cases, 1 original An interesting loca- 
tion was the tongue, in a mother who sucked the virus from her child’s 
arm Physicians have inoculated their lips by blowing through vaccine 
tubes The ease with which infection can take place is shown by a case m 
which a physician who dressed a child’s arm infected the mother by a local 
e\aminatmn An important contribution to the subject is that of the 
whose own child was severely injured by ^accmatlon 
rne CompllcatlOIlS of Vaccination — ^The complications of laccmation 
may be considered iwth reference to their mode of origin or to their anatomi- 
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cal or clinical peculiarities Inasmuch as the same sort of lesion may arise 
either from mtection with the vaccine or later, it is moie convenient to 
follow an anatomical-clinical classification 

Vaccinal ulcers may resemble the anomalous ulceratmg foim previously 
described, but differ m that they may occur after the vesicle has made a 
typical beginning They are especially likely to occur when poor viius is 
used, but may follow good vesicles which have become infected Anaimia 
and cachectic conditions are predisposing causes The ulcers are indolent, 
with flabby and sometimes evuberant granulations Glandular complica- 
tions are not always present Evtensive loss of tissue may follow, with 
large and deformed scars If the complication comes on after the vesicle 
has reached maturity, some protection is probably given, but unless the 
operator is satisfied as to the course, the vaceination should be considered a 
failure A number of deaths have followed this complication 

Post-vaccinal gangrene can not be sharply separated from the preceding, 
but there is another form of gangrene, called vaccinia gangrenosa by Hutch- 
inson, in which multiple eruptions oceurred on the eighth day, surrounded 
by an areola, m which gangrene developed, with death in the second week 
In a case of Stokes, purple-black spots appeared within forty-eight houis 
after vaccination and latei became gangrenous, recovery followed Such 
cases appear to be much less frequent now than formerly It is probable 
that in some cases scurvy was present, or some purpuric affection The 
condition has been compared with gangrenous varicella 

Hemorrhagic diathesis sometimes fiist shows itself after vaccination 
There may be fatal hemorrhage from the incision Similar hemorrhages 
have been observed after vaccination m leukcemia In all hemorrhagic 
cases the prognosis is serious 

The most important infectious complications of vaccinia are the pyogenic 
diseases, including eiysipelas These are much less frequent than when 
humanized lymph was used and when mstiuments were never cleaned 
Erysipelas may occur at any stage of vaccination, and is spoken of as early 
or late, according to the period It sometimes occurs so early that we must 
look upon the operation or the lymph as the exciting cause In most cases 
it occurs in the second week The areola is evidently an erysipelatous lesion, 
but its relationship has not been sufficiently worked out In most cases 
there is a distinct history of rubbing oi scratching and obvious unclean- 
ness The disease has occurred in epidemics, due to some fault in lymph 
or operation, at other times with epidemic erysipelas of other parts of tlie 
body The latter possibility is ground for an important objection to hurried 
vaccination during epidemics, which often occur at a season favoiable foi 
erysipelas, instead of formal vaecination at a more favorable time of year 

The local and general phenomena are those common to erysipelas in any 
part of the body The prognosis depends upon the condition of the patient, 
and the severity and extent of the erysipelas Unless the complication 
comes on very late the vaccine vesicle is checked in its development and 
immunity is not produced In any case the lesion is infected, ulcerates, 
and an atypical scai is the result 

Abscess, furuncles, lymphangitis, cclluhtis, and phlebitis, suppuration ot 
axillary glands, and pyccmia, are rare but serious complications that need 
no special description Suppurative paiohtis is a rare occurrence attcr 
vaccination In all the pyogenic complications it is important to treat the 
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conditions according to the general and special rules that apply to such 
diseases in any part of the body, and never to neglect or even tempoiize 
with them m the belief that the vaccmation may suffer This must be con- 
sidered a failure m all cases m which the vaccme lesion is involved early, 
or where its course is altered 

An interestmg and important complication is contagious impetigo, which 
sometimes occurs m recently vaccmated people as it does in others “When 
due to the vaccme, the cases develop m groups The vaccme vesicles be- 
come pustular, itch severely, rupture early, and mfect the body m many 
places ” Voigt mentions a small epidemic followmg arm-to-arm vaccmation 
from a healthy child, on the eight day In many cases the mfection is 
accidental Pemphigus is a much rarer complication, sometimes difficult to 
distinguish from impetigo 

Eczema, psonasis, and various other chronic skin diseases, sometimes 
follow vaccmation, especially when the operation is done in hot weather 
In the majority the skin diseases are already present, not noticed or not 
brought to the attention of the physician, and then any increase in seventy 
IS ascribed to the operation In all vaccmatmg the physician should ascer- 
tain the existence of a skin disease and either not vaccmate at all, or, m case 
of danger of smallpox, try to vaccinate m sound skm In such cases a light 
but efficient bandage may be used 

Heipes cncinatus is a rare occurrence after vaccmation, explained by 
infection with Trichophyton tonsurans, a common parasite of cattle 

Measles, scarlet fever, and other acute exanthemata, sometimes occur m 
the course of vaccinia without causing any senous effect on each other 
Jenner noticed that both measles and scarlet fever caused a suppression of 
the areola, which reappeared after the other exanthem faded 

Sunultaiieoiis Vaccinia and Variola — ^It was early observed that small- 
pox and vaccinia could exist at the same time in the body, and though some 
assert that m such cases the variola is modified, others say, and more ac- 
curately, that the severity of the smallpox depends partly on the period at 
which the vaccinia is introduced Considering the close relationship of the 
two diseases, it is easy to understand that they can develop together, and 
that the immunity of one will check the growth of the other The situation 
IS not unlike that which exists when vaccine is inoeulated on successive days 
All the lesions may develop together until immunity is set up by the earliest, 
and then all subside 

Huguenm describes the chief possibilities with smallpox as follows 

1 In case vaccme is inoculated just before or during the primary fever of 
smallpox the lattei proceeds uninfluenced, unless there has been a previous 
vaccination The vaccine, however, fails because of the immunization of 
the body by the variola 

2 If the vaccmation is made at the end of the stage of incubation of 
vanola, both infections may go on side by side 

3 If the vaccmation is made m the middle of the incubation of vanola, 
the eruption of the former mil occui two or three days before the pnmary 
feyer of the ^ anola Only a mild smallpox or a vanoloid develops 

4 If the vaccmation is made in the beginning of the incubation stage of 
variola, the difference bemg six to eight days, the vanola will be abortive 

5 In the first day of the incubation, vaccination prevents the smallpox, 
though there may be fe%ei 
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6 If a child m an infected house is vaccinated before it is infected, there 
will be no symptoms of smallpox 

There are, however, some exceptions The vanola mav pioceed un- 
affected by vaccination, wdiich may not develop until after the smallpox has 
run its couise Or vaccine and smallpox ma-y occur simultaneously, the 
latter retarded but not rendered abortive Or the vaccination may develop 
imperfectly and the variola run its course and even reach fatal end In 
view of the great number of more favorable cases, such accidents should not 
prevent vaccination m every case where infection is thieatened In the fii&t 
tliiee days after infection, even in the fourth or fifth, careful vaccination 
should be made in at least four places In such cases, too, especially if the 
type of variola is severe, one may with advantage practice successive vac- 
cination every day until the eruption becomes vesicular 

The importance of good vaccine is shown by the facts just set forth, and 
was illustrated by a patient seen with T B Cooley, Health Officer of Ann 
Arbor The patient w^as vaccinated on account of exposure to smallpox 
but did not take About a w'eek later he w^as again vaccinated, but the 
vesicle did not appear until December 6, the eighth day He had been 
exposed to smallpox up to November 28 Symptoms began December 
6 and the eruption December 8 When seen by the author he had a few 
resohung papules on the face and body, and one on one hand There w^ere 
twm fairly good vaccinia i esicles w itli a fading areola The epidemic w^as a 
very mild one, but in this patient both smallpox and vaccination seemed to 
have been cut shortei than usual 

Syphilis IS not to be considered as a possible complication if bovine lymph 
IS used, except from extraordinaiy carelessness on the part of the operator 
or the patient The same may be said of lepwsy, w'hich has in rare instances 
followed arm-to-arm vaccination in leprous regions Leprosy bacilli have 
been found m the lymph of vaccine vesicles in lepers (Arning and others) 
Tube] Gulosis also has only historic interest in connection with vaccine, 
though it wull always be important for propagators of vaccine Vaccination 
sometimes seems to acceleiate the course of tuberculosis 

Tetanus has a remaikable history in connection wnth vaccination It is 
so rare in geneial that only 7 cases could be found m the Index Cata- 
logue, and McFarland could find onlv 15 altogether m the literature up 
to 1899, yet he was able to collect 52 cases reported more or less 
completely, and to leain of 28 more not well authenticated, after that 
date Since then a few more cases have been reported McFarland found 
from a careful study that 1 Tetanus is not a fiequent complication of 
vaccination 2 The cases occur in small numbers after the use of vanous 
viruses 3 An overwhelming proportion occurred after the use of a particu- 
lar viius 4 Tetanus bacilli may be present in virus in small numbers, 
denved from manure and hay 5 Through carelessness or accident the 
number may be greater than usual 6 Avoidance of the complication is to 
be sought in greater care m the preparation of the ^ irus 

Willson (1902) first found tetanus bacilli m vaccine virus, and Canm out 
of 400 examinations of 50 different specimens of lymph, found tetanus 
bacilli 5 times He concludes that they belong to the normal flora of 
lymph, but occur rarely and in small numbers, because in a senes of speci- 
mens of the same lymph he found the germs in only 1 tube Glycenn is 
a poor protection agamst tetanus germs, as Rosenau has shown No com- 
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plications came undei Carini’s notice from the lymph examined, though 
thousands of preparations had been used As preventives of tetanus he 
advises superheial incisions, no bandages, and careful examination foi 
tetanus germs m vaccine 

Reading the accounts of separate cases, and still more those of epidemics 
of complications, gives one an unfavorable view of vacemation Three 
things must be considered m this connection We no longer, thanks to 
vaecination, see or suffer the honors of pre-Jennerian smallpox with its 
complications Nothing else would have removed these so effectually as 
has vaccination In the second place, many of the accidents — almost all of 
the severe ones — are avoidable Moreover, we need to take a broad survey 
of vaccination in order to get the real proportions This has been admirably 
done for us by Voigt, for thirty years director of the Hamburg Vaccine 
Institute, having probably the largest vaccine territoiy m existence In this 
time 400,000 persons were vaccinated in the institute, m the whole district, 
nearly 600,000 in twenty years Out of 589,586 school-children vaccinated 
and revaccinated theie weie Inflammatory complications, probably 
chiefly due to staphylococci, 35, 2 fatal Eiysipelas, 13, 2 fatal 

Phlegmon, 4, 2 fatal None of the pyogenic cases were due to the operation 
itself Eczema 293, 85 of which began before the vaccination Urticaria, 
32 cases Impetigo, 85 cases, 50 of which were not due to vaccination 
Tetanus, 1 case, recovered, this began on the fouith day, several days after 
the patient had fallen upon his head 

Another useful series of data is the following’ In Germany m thirteen 
years, 1885-97, 32,166,619 children -were vaccinated, 115 of them died within 
a few weeks or months after the operation, fiom mjuiies presumably due 
thereto This gives a mortality of 3 5 pei million In 67 cases only, however, 
was it probable the injunes were due to vaccination In 1902 'there were 
no deaths traceable to vaccination, but 2 from subsequent invasions As 
the report sajs, compulsoiy school attendance is far mme dangerous than 
compulsoi y vaccination 

At various times vaccination has been thought to have a curative effect 
upon other diseases Most of them are diseases in which it would be difEeult 
to prove the exact relations, such as whooping-cough, leprosy (Rake), 
tuberculosis (Winogradoff), and vanous skin diseases Hjqiertrophie 
scars, such as sometimes follow vaccination, and mevi, seem more promising 
In such cases superficial scarification and vaccination with lymph of good 
quahty would seem justifiable 

The Practical Apphcation of Vaccination —There is a remarkable dis- 
crepancy between oui knowledge of vaccination and its benefits, and the 
practical apphcation of this knowledge for the prevention of smallpox 
Errors of technique and exaggerated ideas of vaccine immunity have been 
partly responsible for the neglect of and opposition to vaccination, but, 
though ve still need further mformation concerning many details, ve have 
enough to warrant a much vader use of vaccine than now exists m many 
countries It is certain that vaccination applied to the fullest extent, and 
repeated once or twice in the age of greatest predisposition, has almost 
abolished smallpox w henei er it has been tned Nothing else has done this, 
and the experience of every locality that has tried to get along without 

^British McdicalJoumal, April 16, 1904, p 903 
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vaccination, depending upon sanitation alone, sliows that until our ideas of 
smallpox are radically changed we are not likely to get a satisfactoiy sub- 
stitute for vaccination 

The continued existence of smallpox, often in epidemic form, makes 
more obvious the need of improvement, for, even when the disease is mild 
it causes far moie deaths, more alaim, and more suffenng than vaccmation 
ever has, and moreover there is no leason to think that the type will remam 
permanently mild 

It seems expedient to consider some of the reasons for imperfect vaccina- 
tion and the possible means of impronng the condition 

1 There is no order, system or uniformity about the operation The 
result of this is that laige numbers of people of all ages remain unvaccinated, 
usually because they know no better This furnishes so large a proportion 
of predisposed subjects that smallpox once introduced is suie to obtain a 
foothold, and m the epidemics that result even some vaccinated people get 
the disease and some of them die The proportion of unprotected people 
varies m different parts Perhaps the conditions in hlichigan are no worse 
than the average, as the excellence of its Board of Health has long been 
recognized Yet among several thousand people examined by the writer 
within the last ten years with reference to this point, all above the age of child- 
hood, only 60 per cent have been vaccinated at all, and most of these had 
unsatisfactory scars The limitation of a single vaccination and even of re- 
vaccmation on the one hand, the great danger of smallpox on the other, 
and the advantages of widespread vaccination, make the subject not one of 
individual complaisance, but one that should come under the sanitary 
control of the authoiities 

2 Systematic levaccination, an essential part of the process, is even 
more neglected Carried out as it should be, it would make still more 
certain the protective influence of vaccinia, and so lessen the number of 
possible foci of vaiiola 

3 No sufficient provision is made for the production of safe and trust- 
worthy vaccine virus Past experience has shown that the private manu- 
facture of vaccine opens the way for a greater degree of carelessness than 
should be permitted m such an industry Recently an inspection of estab- 
lishments for the pioduction of vaccines and analagous pieparations has 
been made under a United States law The establishments are inspected 
and the methods of manufacture, construction and administration investi- 
gated Samples of vaccine are examined, and, if there is any reason, the 
yearly license is revoked or suspended The value as well as the need of 
such inspection is best shown by the fact that within a yeai of the beginning 
of the work, four establishments were refused licenses, and others were 
obliged to improve their methods, rebuild laboratones and bams, etc 
There was also improvement as regards bacterial contamination of vaccine 

Unfoitunately, the tests as to the specific activity of the virus are so far 
insufficient, and much of the vaccine used is senously weak Regular 
vaccmation at fixed penods would add much to the certainty of secunng 
good vaccine, because makers could prepare for the demand, and the virus 
would not suffer, as it does now, from insufficient npenmg or from bemg 

kept too long after it is npe ^ i j 

4 There is no way of bemg certain the operation will be ivell done ana 
the result accurately recorded In many places local or state laws provide 
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for compulsorj" vaccination, but this can be and is evaded in many ways 
“Internal” and other fraudulent methods are practiced, and false ceitifi- 
cates aie given by legally qualified but unprincipled piactitioneis who 
object to vaccination Mothers suck out the virus as soon as the operation 
IS done, and as no inspection of the result is necessary, unfounded security 
IS set up, based upon a fallacious belief of widespread vaccination, inevita- 
bly leading to disappointment and to erroneous ideas of the value of vacci- 
nation 

All these defects aiise in a sense from the imperfeetions of the laws 
regal ding vaccination, many of which are more oi less faulty m theory, many 
of them dangerously so, and all of them m the provisions for their proper 
application A recent decision of the Supreme Court of the United States 
{Ilennmg Jacobson v Commonwealth of Massachusetts, Supreme Court 
Reporter, April 1, 1905, p 358) is certain to have a great influence on 
future cases, and probably on laws made by state legislatures and other 
bodies The case m point involved the validity under the Constitution of 
the United States of certain provisions m the statutes of Massachusetts 
lelating to vaccination The statute was upheld m every respect The 
most interesting is that part of the decision that deals with the idea of per- 
sonal liberty, which is so commonly supposed to be infringed by laws re- 
quiring vaccination, and some other statutes affecting public sanitation It 
IS shown very clearly that “the liberty secured by the Constitution of the 
United States does not import an absolute right m each person to 

be, at all times, and in all circumstances, wholly freed from restraint 
Real liberty for all could not exist under the operation of a principle which 
recognizes the right of each individual person to use his own, whether m 
respect to his person or his property, regardless of the injury that may be 
done to others ” 

But for the best results to follow laws compelling vaccination it is neces- 
sary to have the active as well as the passive consent of the people, and it is 
sometimes said that Americans m general would never submit to compulsoiy 
vaccination The writer thinks this is a serious eiror, and that the chief 
difficulty at present is the ignorance of the public as to the desired methods 
— an Ignorance not entirely unconnected with defective laws and still more 
defective administration The patience with which, m various parts of the 
country, the public submits to quarantine, detention, spasmodic and m- 
conclusixe vaccination, not to mention the unpunished malpractice of 
Ignorant vaccmatois, is the best argument in favor of the view that the 
population as a whole would welcome any wise and conservatne law, 
based upon such experiences as those of Germany It is sometimes said 
that general vaccination would open the way for a series of preventixe 
inoculations for various other infectious diseases, but this is not necessanly 
so lYheneier it can be shown that any other disease can be protected 
against as veil as smallpox can be by vaccination, and with as little risk, 
it V ould obviously be well to take advantage of the discovery 

Before any radical change can be made m our vaccination laws, physi- 
cians can do much to bring a better sentiment than exists at present, and 
also to improve the practice of A'accination They should encourage 
Aaccmation and levaccination m all persons with vhom they haA^e pro- 
fessional relations, and do this not at tunes of epidemics, but as early as the 
occasion permits They should adiise and select a time aa hen the discomfort 
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of the operation and the danger of complications is least, that is, in the 
early summer or early winter, and when there are no epidemics of dangeious 
contagious diseases, like scailet fever, measles, diphtheria, croup, whooping- 
cough, or eiysipelas 

Parents should be advised to have children vaccinated between the ages 
of six months and two years, or earliei in case of danger Childien should 
also be revaccinated when they begin school, especially the public schools, 
with the danger from the carelessness of other parents After that revaccma- 
tion should be practiced according to local conditions, without a longer 
mteival than ten years until adult age is reached, and particularly i\hen new 
occupations offer renewed dangers So, for example, recruits, opeiatives 
in manufacturing establishments, and those who work in large stores or 
offices, should be re vaccinated 

Individuals with serious organic or constitutional diseases, with severe 
slcin diseases, especially those that induce scratching, should not be vac- 
cinated unless there is immediate danger, but the reasons and risks should 
be clearly stated to the patients, parents, or guardians, so that greater pre- 
eautions may be taken Revaccination m older people should not be done 
during the existence of any serious disease, unless there is distinct danger 
of smallpox In such cases it should be practiced, and the wounds care- 
fully observed During menstiuation, especially the early part of the 
period, IS not a good tune for vaccination The writer has seen vaccination 
and revaccination earned out several times in the last few years on most 
of the patients in a general hospital, and though some painful swellings 
occurred, there was no serious damage 

Ever> effort should be made to obtain good material The operation 
should be looked upon as an important one, and sufficient time and pains 
taken to make it as aseptic as possible The patient should be told of the 
necessity of noting the result and of treating any untoward symptoms, the 
accidental nature of which should be made clear Records should be 
kept, as well for the information of the patient as for that of the physician 
With the greatest care, however, certain nsks are present, and so it is unwise 
for the physician to force the operation upon those who are unwilling, or to 
give assurances of absolute harmlessness. 
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CHICICENPOX 

WILLIAM F COUNCILMAN, M D 

Chickenpox (Latin, varicella, German, Wasserpocken-Windblattern, 
French, La varicelle, Italian, morviglione) , is an acute infectious disease 
occurring chiefly in children, characterized by slight fever and an eruption 
of vesicles with clear contents which dry up in three days, leaving a granular 
scab The disease is the mildest of all infectious diseases, and without com- 
plications is attended with no mortality 

History — ^As it reqmred the experience of several centuries before the 
specific nature of smallpox was recognized, a still longer time elapsed before 
this was clearly distinguished from cliickenpox According to Gregory, 
Ingrassias, a Sicilian physician, in a work On Pi etei naiut al Swellings, 
published in 1553, gives the first distinct description of chickenpox Vidius, 
forty years later, described the disease as a vaiiety of smallpox, giving it the 
name of variola crystalhna Sydenham makes no mention of it Heberden, 
in 1767, described the disease under the name of chickenpox, and gave the 
points of differentiation from smallpox He made out the period of incuba- 
tion as eight or nine days, citing the case of a mother who had the disease 
eight days after the eruption appeared on her children The disease was 
not fully accepted as specific and distinct from smallpox until after the 
smallpox epidemic in Germany in 1870-73 Hebra always regarded it as a 
form of smallpox, as did Kaposi and Kassowitz Hebra applied the term 
varicella to those cases of smallpox which require fourteen days or less for 
their completion, the term varioloid to those which terminate in the third or 
fourth week, and the term variola vera to those which last four weeks or more 
Heberden certainly included in his description of chickenpox, cases of 
modified smallpox It is this form of smallpox which has always led to 
confusion between the two diseases 

Etiology — ^This is unknown There is doubt about the essential seat 
of the disease There is much evidence to show that the virus is not contained 
in the vesicles, rapidly dies out, or is not in an inoculable form The disease 
IS easily communicated but the mode of infection is unknown The weight 
of evidence is certainly against transmission by inoculation of the vesicle 
contents Bryce, Heim, Vetter, Thomas, Czarkert, Fleishman, Buch- 
muller, Smith, and others, were unable to produce the disease by inoculation 
On the other hand, Steiner’s results in two cases which he gives in detail 
seem to be nithout question Recently in an epidemic of the disease vhich 
occurred among adults in a native prison in the Philippines, and which v as 
iniestigated by Tyzzer, numerous inoculations were made without results 
Annual inoculations are negatn^e Both the clear and the clouded \esicle 
contents n ere used for inoculation Avithout results 
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While chickenpox is preeminently a disease of childhood, no age is exempt 
The epidemic described by Tyzzei occurred entiiely m adults Probably 
the high exemption of adults is due to immunity from a previous attack 
While the disease prevails more at certain times, it is rarely present to so 
great a degree that \/e are warranted in regarding it as epidemic In large 
cities it is constantly present When it appears in a family it usually extends 
to all the ehildren It passes through children asylums m the same way 
Pathology — ^The anatomy of the skin lesions Mas studied by Tyzzer on 
vesieles vliich he excised at various stages The earliest lesions m the 
epidermis are found in the areas of erythema,M^hich precede the formation 
of the vesicles The first change consists in sM'elhng of the cytoplasm and 
nuclei of the cells The cytoplasm stains more faintly and becomes distinctly 
reticulated, the nuclei become distended and the chromatin relatively less in 
amount The nuclei usually contain one or several masses of eosm staining 
material The areas affected are often veiy minute, not more than tivo or 
three cells being involved The cells undergo peculiar changes m hich have 
been desenbed by Unna as ballooning degeneration The nucleus of a large 
swollen cell divides by direct division, and this process is rapidly repeated 
until a large number of nuclei are produced within the cell The cells often 
attain enormous dimensions The nuclei are usually grouped in the centre of 
the cell, often so closely packed together that the apposing surfaces are 
flattened one against the other Exudation from the vessels beneath the 
epidermis rapidly takes place and the fluid finds its v’ay into the degenerated 
epithelium and separates the degenerating cells, forming spaces filled with 
fluid The lesion may develop from one or several centres but the vanous 
small chambers quickly break into one another, forming a single vesicle 
The degeneiated epithelial cells do not form the rigid septa which are found 
in the smallpox lesion Cells in vanous stages of degeneration are found free 
in the vesicle contents or along its floor The base of the I'esicle in -ndiich 
there is an active exudation is almost invariably concave The vesicles 
are usually unilocular and not umbihcated, though sveat glands and hair 
ducts may pass through their middle Changes are constantly found in 
the conum, the vessels are dilated and there is proliferation of the endothelial 
cells of the vessels and of the connective tissue cells Large multinucleated 
cells similai to those found in the epidermis may develop from the endothe- 
lium of blood- and Ijmiphatic vessels Later in the process phagoc^des may 
be seen Muthin the vesicle, m here they seem to be devounng the remains of 
the epithelial cells, and they also infiltrate the conum The fluid ivithin 
the vesicle contains fibnn, and coagulates spontaneously when removed 
The amount of fibnn seems greater after a few days than in the beginning 
The vesicles usually rupture But feM" poLmuclear leukocytes are found, 
either in the conum or in the vesicle, unless infeetion by bacteria has occuri ed 
Abortive cases v ithout complete vesiele formation may occur In these there 
IS a marked localized degeneiation of the epithelial cells wnthout any appre- 
ciable exudation These lesions, appearing as reddened, slightly elevated 
spots, shoiv microscopically a portion of the epidermis •wholly necrotic, mth 
the cells disassociated and hyaline in appearance like those in the advanced 
vesicle Tyzzer in his description of the lesions has given such a case 
Nuclear inclusions, but vnthout defimte form and structure, •n^ere described 
by Tyzzer as constantly found in the affected cells He found no evidence 
of multiplication in them He arrived at no conclusion regarding their 
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Eruption of Chickenpox The Relative Frequency of th 
Pocks on the Face and Body is Shown 
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Eruption of Chickenpox 
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natuic So far as the writer knows, there aie no records of autopsies in 
chickenpo\ so that nothing is known as to presence or character of internal 
lesions 

It IS usual for cluckenpox to leave slight cicatrices, which are quite charac- 
teristic They are moie frequently seen on the forehead than elsewhere, 
produce no deformity, and are usually visible only on elose examination 
They are slightly or not at all depressed, a trifle paler than the surrounding 
slan, perfectly smooth, and vary in size up to 4 mm They are due to a 
very superficial destruction of the corium involving only the papillie The 
destruction is never so deep as to involve sweat glands or hair follicles, hence 
the cicatrix is nevei foveated Rarely there are more extensive cicatrices, 
usually from infection of the vesicles, with resultant small ulcers 

Incubation — ^There is some discrepancy relative to the period of ineuba- 
tion Gregory says it does not exceed four days and is certainly less than a 
week Most observers regard it as longer than smallpox, placing it at four- 
teen to sixteen days The period of incubation is without symptoms 

S3Unptoms — ^The character of the onset vanes Usually there is slight 
febrile disturbance, with headache and nausea a few hours before the 
eruption appears In some cases there is decided chilliness The writer 
knows of three cases in one family in each of which there was a slight chill 
at the onset The temperature is usually low, not more than 100° F In 
rare cases it may extend to 102° F or more Thomas has observed one case 
with an initial temperature of 105° F The temperature usually drops to 
normal with the establishment of the eruption. If this is very abundant the 
fever may persist for several days 

The eruption may develop with great rapidity Welch and Schamberg 
report a case in which a child was bathed by the nurse and no trace of an 
eruption v as seen Four hours later there were a number of fully developed 
vesicles on the trunk The eruption is preceded by erythematous macules, 
which aie not elevated and may be so slight as to be overlooked There is 
no initial induration In the centre of the macule the vesicle appears The 
size of the vesicle bears a relation to the macule and varies from 1 to 8 mm , 
being usually from 2 to 4 mm They are usually not round, but slightly 
oval, the long diameter corresponding to the lines of cleavage of the skin 
They project fiom 1 to 3 mm above the surface The edges are sharp 
Iii the beginning they are surrounded by a small erjdhematous ring, the 
remains of the original macule TIus fades before the vesicle disappears and 
maj' be absent from the beginning The contents are clear and the vesicle 
appears tiansparent beneath the thin covering Before disappearing, the 
contents become more opaque, but they do not become distinctly purulent 
vithoiit infection The fluid contains fibrin and coagulates spontaneously 
when removed The covering is thin, and vesicles are usually ruptured by 
the friction of clothing or by the ordinary slight mjur.es The vesicles are 
not umbilicated Even v here a hair passes through the centre it produces no 
depression (Plates XIII and XIV) 

The eruption first appears upon the face and back Contrary to the 
eruption of smallpox, the body is more affected than the face and extremities 
Vesicles are rare upon the palms and soles, though they do appear Lesions 
on the buccal mucous membrane and palate appear, but the vesicles are 
quickly ruptured and the lesions usually present the form of slight erosions 
Vesicles also appear m the i estibule of the vagina and on the prepuce, and 
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may produce considerable swelling and irritation Gregory has made the apt 
comparison of the eruption to that which would be produced by spraying the 
surface with boiling water The general duration ol the vesicle is three days 
They appear in successive crops and the duration of the disease may extend 
into a week or longer The vesicles may appear by absorption, in which 
case there will be a very slight scaly crust formed of the dried epidermis, 
which IS cast off and renewed They are more frequently ruptured, and a 
somewhat tlucker crust results due to the presence of the dried exudation and 
the deeper necrosis of the epithelium 

There is practically no constitutional disturbance after the onset The 
patient is in nowise ill, though the extensive eruption makes the contact of 
clothing unpleasant, and there may be considerable itching There is but 
little departuie fiom the type of the disease Thomas mentions a case in 
which the er}i;hematous macules persisted for thirty-six hours and then 
disappeared without any formation of vesicles 

Diagnosis — ^The only disease with which there is any probability of con- 
founding chickenpox is the aboitive form of smallpox, m which the lesions 
remain in the vesicular stage The differential diagnosis is given under 
smallpox Cases may be found in which at a given period and m the absence 
of history it is impossible to make the diagnosis Resort should then be had 
to microscopic examination of the lesions, oi to animal inoculations The 
corneal reaction from inoculation is always positive in smallpox and absent 
in chickenpox The histology of the skin lesions is different, chickenpox 
showing the formation of epithelial giant cells which are absent in smallpox, 
the chickenpox vesicle has a single chamberwhile that of smallpox is multiple 
The epithelial cells in smallpox contain the cytoryctes, which are absent in 
chickenpox Even the microscopic examination of the contents of the 
vesicle at the bedside may be decisive, for the piesence m this of the large 
multmucleated epithelial cells speaks strongly for chickenpox 

Prognosis — ^Tlus is invariably favorable without complications, and 
these are extremely lare, but are easily understood when the pathology of the 
disease is boine in mind There are lesions m the skin which can form the 
atrium of infection for bacteiia Erysipelas may appear, and Holt has 
mentioned three cases in winch it was fatal Rare cases have been reported 
in which there was general infection with the streptococcus or staphylococcus, 
resulting fatally Disseminated gangrene of the skin may also appear 
Synovitis and arthritis have also been seen as complications None of these 
conditions are more frequent in chickenpox than they would be found in 
similar lesions of the skin from whatever cause 

Henoch was the first to show that nephritis may follow chickenpox, and 
repoited four cases, since which others have been noted The character of 
the nephritis seems to be the same as m scailet fever R is evident that such 
a complication must seriously affect the prognosis 

Treatment — ^There is no specific treatment Although the disease is so 
mild, it should not be voluntarily disseminated Childien should be kept 
from school and isolated during the entire eruption penod until the removal 
of the scabs Like the other exanthemata, this seems to be the period v hen 
the disease is most easily disseminated It is usually not -worth while to 
attempt to isolate the patient from other children in the family unless there 
are conditions which would render it unadvisable or dangerous for them to 
contract it In such cases complete isolation of patient and attendant may be 
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successfully earned out The disease must be considered as among the most 
contagious, but of the mode of infection we are ignorant The treatment 
should be directed solely ton ard the conditions which the patient presents 
Attention should be paid to cleanliness The hands should be kept clean 
and the nails cut close, in order to prevent as far as possible infection of the 
lesions by scratching The various ashSs used to allay itching will be found 
useful If complications aiise they should be treated according to their 
nature 



CHAPTER XII 

O 

SCARLET FEVER 
By JOHN H McCOLLOM, M D 

Synonyms —Scarlatina, French, la scarlatine, German, Scharlaeh, 
Spanish, escarlatina 

Defimtion — An acute febrile highly mfeetious disease charaeterized by 
an angma and a general punctate erythema The types of the disease differ 
greatly in severity The intensity of the eruption varies in a marked degree 

History — Where the disease onginated is not known, but descriptions 
are given of it by medical writers before the Christian Era In Athens in 439 
B C , as stated by Malfatti, there w’^as an epidemic the description of which, 
as given by Thucydides, is compatible with that of scarlet fever of a virulent 
type It IS doubtful if Hippocrates recognized the disease Aetius, a Greek 
physician who flourished about 500 A D , describes a condition of the skm 
which resembles that of scarlet fever Avicenna, who died 1037 A D , 
describes an exanthem which very much resembles scarlet fever To Syden- 
ham must be accorded the credit of giving the name scarlet fever to the 
disease He differentiated it from measles Previous to his time these two 
diseases had been considered one and the same In the course of the eight- 
eenth century scarlet fever was studied in all parts of Europe The authors 
of that period who published the most important works upon the disease were 
Navier, Lorry, Sauvage, Desessarts, in France, Storch and Plenciz m Ger- 
many, Huxham, Fothergill, and Withering, m England In Sweden, Nor- 
way, Denmark, and Italy many observers described the disease 

In the nmeteenth century the disease was carefully studied in all parts of 
the civilized world, and medical literature contains a vast amount of material 
on this subject Scarlet fever is very generally disseminated, although in 
temperate climes it is much more common than m warm countries It has 
been reported as occurring in Iceland and also m Greenland Scarlatina 
appeared first m the United States, accordmg to Thomas, m 1735 In 1795 
and 1796 an epidemic- occurred m Leominster, Massachusetts 

Minor, who carefully studied the geographical position and temperature 
in reference to the prevalence of scarlet fever, arrives at the followmg con- 
clusions 

1 “The zone of comparative immunity in the eastern hemisphere extends 
from 10° south latitude to 20° north latitude 

2 “A zone of comparative immunity in the western hemisphere extends 
from the equator to 10° north latitude 

3 “Another zone of comparative immunity m the western hemisphere 
extends from 30° to 35° north latitude 

4 “In times of pandemics occasional epidemics occur at points within the 
zones of comparative immunity 

5 “^^fiien scarlatina epidemics occur vitliin the zones of comparatne 
immunity the disease attacks by preference the Caucasian race 


334 



SCARLET FEVER 


335 


6 “The outbreak of such epidemics m the zones marked first and second 
can always be accounted for by the arrival of ships havmg the disease aboard 
Scarlatina can, then, be said to be imported withm those zones and, having 
exhausted itself on the European settlers, the disease fails to become accli- 
mated, and dies out completely for long mtervals of time 

7 “In the zone marked third the disease almost always exists m a sporadic 
form, it only becomes epidemic when it is pandemic m the higher latitudes ” 

In 1829 and 1830 W H Cock' reported an outbreak of scarlet fever m the 
island of St Bartholomew, and called attention to the fact that there were 
quite a number of cases of sore throat without an eruption, which he diag- 
nosed as scarlet fever He also alludes to the peculiar appearance of the 
papilliE of the tongue as an important aid in diagnosis This paper is of 
great interest because he appreciated the fact that scarlet fever may be of an 
exceptionally mild type and yet give rise to other cases of the malignant 
variety The origin of these cases in the island of St Bartholomew was not , 
definitely shown, but it was believed by Cock that the disease was imported 
from the United States by children who had scarlet fever on shipboard before 
arrival at the island As confirmatory evidence, it is worthy of notice that 
these children, after remaining a short time at St Bartholomew, went to 
Montserrat and soon after there was an outbreak of scarlet fever on this 
island Previous to this time scarlet fever was unknown m this locality In 
England and Germany the disease is always endemic and frequently epi- 
demic In the northern part of the United States scarlet fever is much more 
prevalent than in the southern portions In the northern states it has been 
noticed that about once m every five or six years there is quite a general 
epidemic of this disease which frequently assumes a malignant type 

In the state of Massachusetts the death-rate of scarlet fever per 10,000 of 
the population in five-year periods from 1866 is as follows 


Yeais 

Deaths 

Death-rate 

1866-1870 

4,670 

6 8 

1871-1875 

6,782 

8 6 

1876-1880 

3,517 

4 1 

1881-1885 

2,604 

2 7 

1886-1890 

1,810 

1 7 

1891-1895 

2,857 

2 4 

1896-1900 

1,358 

1 0 

1901 

385 

1 3 

1902 

313 

1 1 

1903 

610 

1 7 


In Boston scarlet fever has always been prevalent, but in the past few 
jcars the ratio of mortality per 10,000 of the population has diminished very 
materially 

Fig 30 shows the ratio of mortality of scarlet fever per 10,000 of the pop- 
ulation in Boston forsixtvfive years, 1840 to 1904, inclusive It will be seen 
that^prcMous to 1876 the aierage ratio of mortality was 11 22, while from 
18/7 to 1904 it Was 2 61 Previous to 1877 there was a marked increment 
in the ratio about eien fi\e lears, particularly noticeable from 1841 to 1857 

'Ldinburgh Medical and Surgical Journal, ^ol xx\mi, January, 1S32 
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From 1857 to 1876, although the average ratio is not so high, yet ever}' two 
or three years there is a marked increase From 1877 to 1895 the ratios arc 
not particularly high, but the variation from a low rate to that of a com- 
paratively high one is noticeable Since 1895 the ratios are lower than in 
previous years, but there is still a certain amount of variation For the years 
from 1902 to 1904, inclusive, there has been a diminution each year 


Fio 30 



Ratio of mortality of scarlet fever per 10 000 of the population in Boston for sixty-five years, 1840 

to 1904 inclusn e 


Etiology — As scailet fever is an infectious disease, the influence of cli- 
mate on Its prevalence cannot be very great, except indirectly The habits 
of life m warm climates are so essentially difterent from those in temperate 
climes that scarlet fever is not so likely to gam a foothold m the former as 
m the latter The aggregation of individuals is always an important factor 
and cities alv ays suffer more than rural distncts The tenement house in- 
creases the prevalence of the disease In the United States, in cities where 
one family among the middle and lower classes occupies a small house, 
the disease is not nearly so common, as a rule, as in the cities where three or 
more families live in tenement houses 

Where large numbers of children are brought mto immediate contact, as in 
schools, scarlet fever is sure to prevail to a greater or less extent from the fact 
that there are alvays in any thickly-settled community a certain number ot 
individuals suffering from mild and unrecognized attacks Fig 31 shows the 
number of cases of scarlet fever m Boston by months, reported to the Board 
of Health for fifteen years, 1890 to 1904, inclusive, comprising 23,835 cases 
During July and August, when the schools are not m session, the number 
of cases is verj- much less than during November, December, and January, 
the increase commences in September and there is a very ma^ed increase 
from September to October, from October to November, from N^ember to 
December, December and January are practically the same ihere is a 
diminution from Januarj^ to February, but no perceptible diminution m 
March April, and May as compared with February Ihe number reported 
for the months of June m these fifteen years was 1,863, while the number 
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reported for the months of October for the corresponding years was 1,883, 
practically the same, so that meteorological conditions can have no partic- 
ular influence, except indirectly The better that school-rooms and houses 
are ventilated, the less the possibility of mfection The majority of these 
cases of scarlet fever occurred in children of the school age The impor- 
tance of a medical inspection of schools, in order that children v ith mild 
attacks of the disease should be excluded, is evident 



Cases of scarlet fever in Boston by mouths reported to the Board of Health from 1890 to 1904, 


Susceptibility — ^The majority of individuals are susceptible to scarlet 
fecer to a greater or less extent, but this susceptibility is in an incersc ratio 
to the age After fifteen years there seems to be an acquired immunity v Inch 
may be explained to a certain extent by pre\ ions unrecognived mild attacks 
Contrary to the generally receued idea, nursing infants are particularly 
susceptible The onh reason why more infants do not contract scarlet fever 
IS the fact that they are not exposed to such an extent as older children If 
a case of scarlet fever appears in a fannh w here there is a nursing infant, it 
IS much more likely to contract the disease than the othei children of the 

^OL 2 — 22 
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family The following table gives the age incidence in 5,000 cases of scarlet 
fever 


Under 1 year 

42 

9 to 10 years 

250 

1 to 2 years 

182 

10 to 11 years 

202 

2 to 3 years 

381 

11 to 12 years 

143 

3 to 4 years 

569 

12 to 13 years 

120 

4 to 5 years 

551 

13 to 14 years 

81 

5 to 6 years 

557 

14 to 15 years 

48 

6 to 7 years 

522 

15 to 18 years 

125 

7 to 8 years 

424 

18 to 23 yeais 

245 

8 to 9 years 

323 

Over 24 

235 


Total 5000 

It will be seen that from three to six years the meidence was extremely 
high, and that after six years there is a marked diminution Although the 
rate under one year of age is quite low it does not prove that infants are not 
susceptible to the disease, but it does prove that a certain number, if exposed, 
do contract it These statistics are based on hospital cases 

A vast amount of laboratory work has been done m investigating the cause 
of scailet fever Some observers have claimed that the disease is due to a 
streptococcus morphologically similar to the streptococcus pyogenes In no 
instance, howevei, m these investigations has Koch's law been carried to its 
full extent As the lower animals are not susceptible to scarlet fevei the 
chain of argument used by those who claim that a streptococcus is the cause 
of the disease has this weak link It is perfectly true that, m the majority of 
instances, streptococci are found m cultures from the throat of scarlet fever 
patients, but the presence of this organism is a complication, and although 
it may be a very important factor m increasing the seventy of the attack and 
contnbuting to a fatal issue, it has not been satisfactorily demonstrated, thus 
far, that it is the cause of the disease Bagmsky, D’Espine, and Moser 
believe that scarlet fever is due to a streptococcus Heubner, Marmorek, 
Slawyk, Pearce, and other observers, claim that the origin of the disease is 
due to some agent which has not been, as yet, discovered The theory has 
been advanced that scarlet fever is produced by a symbiosis of a streptococcus 
and an unknown virus Streptococci are very frequently found in the urine 
of scarlet fever patients but this does not prove that this organism is the cause 
of the disease 

In 1899, Page m cultures from the throats of twenty-four patients ill vith 
scarlet fever found streptococci in twenty-three instances In 1903, We<ivcr 
made a series of cultural mvestigations from the throats of scarlet fever 
patients His conclusions are as follows 

1 “Streptococci are almost always, if not constantly, present in the throat 
m cases of scarlatina In the early stages they are usually m very large 
numbers, becoming less numerous as the disease progresses 

2 “The streptococci in the throat of scarlatina patients resist drying as 
long as the other bacteria usually present, and they often outlive all other 
forms, being alive as long as ninety days after the matenal is collected 

3 “These streptococci remam alive for a long time in milk 

4 “A small amount of sugar m nutrient media mcreases then value for 
the cultivation of streptococci 
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5 “Streptococci from scarlatinal anginas are not different from strepto- 
cocci from other sources so far as cultural and morphologic peculiarities are 
concerned ” 

Hektoen m 1903 exammed the blood durmg life m scarlet fever with special 
reference to streptococciemia He says “The conclusions that suggest 
themselves from this work so far as scarlatmal streptococcaemia is concerned 
are that streptococci occasionally may be found m the blood of cases of 
scarlet fever that run a short, mild, and uncomplicated clinical course, that 
streptococci occur with relatively greater frequency m the more severe and 
protracted cases of scarlet fever m which there also may develop local com- 
plications and clinical signs of general infection, such as joint inflammations, 
but even in the grave cases of this kind spontaneous recovery may take place, 
and finally, that streptococciemia may not be demonstiable m fatal cases 
of seal let fever The theory that scarlet fever is a streptococcus disease 
does not seem to receive any direct support from this wmrk ” 

The Shcptococcus scarlatinas of Klein and Gordon or the Sti eptococcus 
conglomei ahi.s of Kurth is polymorphic and show^s a tendency to oval and 
rod-shaped elements It is a nonhquefymg organism The chain formation 
m bouillon is more maiked than m the Streptococcus pyogenes, w^hich grows 
more rapidly The colonies on agar are smallei, more opaque, and more 
irregular than those of other streptococci In milk this organism causes 
lapid coagulation New’man gives the follow ing chief diagnostic features of 
this organism (1) “The sediment growth m broth cultures, (2) the rapid 
coagulation of milk, (3) the acid reaction m litmus milk, (4) the character 
of the agar colonies ” 

In 1904, Grunbaum* attempted to infect low'er animals wuth scarlet fever 
In describmg his experiment he says “Various modes of infection were 
tried, by clothes, skin peelings, swabs fiom the throat of a patient, culture 
of Sti eptococcus conglomcratus, and the heart blood removed shortly after 
death with a syringe With the last only rhesus monkeys and rabbits w'ere 
infected The streptococcus isolated proved very fatal to the latter, in the 
monkey it meiely caused suppuiation Some of the material was from a 
very malignant case described by de Boinville In the chimpanzee the only 
positive result wxas obtained when the throat wms rubbed w ith the sw^ab from 
a patient’s throat A scarlatinal tonsillitis ensued, but no rash or extensive 
desquamation ” Although the Streptococcus conglomcratus W'as isolated 
from the throat of one of the animals, as there w^as no eruption and no exten- 
sive desquamation, it is leasonable to suppose that the chimpanzee did not 
have scarlet fe\er 

Theic has yet been no discovery that proves definitely that scarlet fever is 
i bacteiial disease and the work of Mallory would seem to demonstrate that 
the cause of the disease is probably a protozoon 
Pathology — ^The gross pathological lesions of scarlet fever are slight 

^Dnhih Medical Journal, Apnl 9, 1904 

t ®^|’^tholog5’"naswTittenbyF B Mallory, M D , Associate Professor 

r> , ^icdical Department, Harvard University, First Assistant Visiting 

Pathologist Boston Clt^ Hospital 

T) t he pathologj of scarlet fe'v er is based in part on the paper bj'’ Dr 

If j f Scarlet Fe\ er, its Bacteriology’', and Gross and Minute Anatomy,” 
Medical and Surgical Reports of the Boston City Hospital, 1S99, lol x, pp 39-S2), 
nnei in part on the studj of the same cases which he used and of other ca^'cs which 
ln\e come to autops'v at the Boston Cit\ Hospital since his paper was published 
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The diffuse exanthem of the sLm and the lash often present in the mucous 
membiane covering the tonsils, palate, and cheeks usually do not sho^Y attci 
death A false membiane on the tonsils may occasionally be seen Desqua- 
mation is often evident if death occuis in the katei stages The only constant 
gross change found postmoitem is a hypeiplasia of the lymphoid tissue in 
every part of the body On the othei hand impoitant lesions may occui in 
certain organs as sequelte oi complications Although the cause is still 
unsettled, the evidence so fai obtained points to the skin and to the mucous 
membrane of the mouth and phaijaix as the site of the infectious agent The 
changes produced hi them may be regarded as the piimaiy lesion of the 
disease and those produced elsewhere as sequelie and complications 

The lesions of the skin are interesting histologically The bloodvessels of 
the conum show marked dilatation, more especially neai the epidermis and 
in the papillae The superficial lymphatics and lymph spaces hkevise show 
dilatation in the same situation, that is, just beneath the epidermis and in the 
papillae The exudative phenomena n Inch take jilace m the skin vary with 
the intensity of the disease They may be slight oi iciy prominent In a 
ivell-marked case the leukocytes are abundant in the dilated bloodvessels of 
the conum and many hai c cinigiated from the bloodvessels and can be found 
in the conum and invading the epideimis They consist chiefly of poly- 
nuclear and non-granulcU leukocytes, but lymphoid cells and rare eosino- 
philes are found among them The Icukocjtes are collected around the 
blood- and Ij mph vessels and also in the tops of the papillai The lymphatics 
contain serum and an occasional leukocyte In the epidermis the leukocjtes 
are usually elongated and distorted, owing to fixation wdnle in amoeboid 
motion betw een the epithelial cells, but some show a greater oi less degree of 
necrosis as indicated by the deeper staining of then protoplasm with acid 
dyes and the characteiistic changes in the nucleus Similar changes occur 
in the epithelium of the hair follicles and of the ducts of the coil glands near 
the epidermis, nevei deep in the conum 

The epidermis shows but slight changes beyond swelling of the cells m the 
stratum lucidum in consequence of oedema the limits of the cells are w ell 
defined, but the protoplasm is reticulated and the nucleus often lies in a 
vacuole Occasionally elsewdieie in the epicleiinis a necrotic epithelial cell 
IS found In contrast to these degenerative changes many mitotic figures are 
present in the lete Malpighii 

The inflammatory exudation continues ioi several days and is, perhaps, 
most abundant in those cases wdiich die on the fifth to the tenth day from the 
onset of the eruption By the tw^elfth to the sixteenth day the leukocytic 
infiltration has nearly disappeared 

In the tongue the pathological changes aie similar to those in the skin, but 
they begin earlier and are moie marked Theie is the same dilatation of the 
bloodvessels and lymphatics in the conum and an abundant infiltration both 
of the conum and of the epithelium wuth polynuclear leukocytes The infil- 
tration IS abvays greatest m and ovei the papillre, and affects the papillie 
more at the tip than at the base of the tongue The marked involvement of 
tlie papillae explains their enlargement during life 

The mucous membrane of the plimynx, soft palate, and tonsils, shoiv 
changes similar to those in the tongue 

These degeneratne and exudative phenomena in the skin and mucous 
membranes probably represent the primary essential lesion of scarlet fever 




EXPLANATION OF FIGURES IN PLATE XY 


Tht drawings ere made with the Abbe camera lucida, projection on to table 
Zeiss apochromatic homogeneous immersion 2 0 mm , apert 130, compensation 
ocular 6 

Figs 1 and 2 show numerous large and small scarlet-fever bodies (stained light 
blue) m and between the epithelial cells of the rete mucosum In Fig 1 is a 
large body in a lymph space of the conum just underneath the epidermis 
Several of the bodies suggest fixation while m ameboid motion 

Figs 3, 5, and 6 are coarsel} reticulated forms which may be degenerate 
forms of the scarlet-fever bodies, or stages in sporogony 

Figs 4, 8, and 9 probablj' represent stages preceding the radiate bodies In 
Fig 9 the bodies he in a Ij mph space It shows also four small forms which 
haie just got free from a rosette 

Figs 7, 10, 11, 12, 13, 14, ind 15 show different stages in the development of 
the radiate bodies 

Fig 10 IS the earliest stage there is a distinct central body and a definite, 
regular arrangement of granules at the periphery Figs 7, 11, and 12 show a 
little later stage of development, 11 and 12 are optical sections, while 7 is a 
surface view Moreover, in Fig 7 the body lies free in a lymph space in the 
conum The segments begin to show a certain amount of lateral separation 
from each other Fig 13 is a still later stage the segments are increasing in 
size and are more or less free from each other, although most of them are still 
attached to the central body In Fig 14 the segments are all free and enlarging, 
although still grouped around the central body In Fig 15 the bodies are still 
grouped around the central body, which is free and stains deeply with eosin 
(Mallory 1 
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The causal agent of the lesion has not yet been definitely detennined It 
seems faiily piobable, however, that it is not a bacterium, certainlj not the 
SUepiococcus pyogenes iihich is so often found in the blood as a secondary 
invadei The recent discovei>,‘ theicfoic, in the skin of scarlet fever cases, 
of ceitam bodies Inch icsemble pioto/oa is interesting and possibly of much 
etiological significance 

The bodies in question usually vary fioni 2 to 7/i in diametei, but occasion- 
ally measure 10 to 12 p They may be divided into two sorts, the granular 
and the radiate The granular bodies are usually finely but occasionally 
coarselj meshed and show all variations in size between the limits given 
They often contain one oi more small but distinct vacuoles They \ ary in 
shape from round to elongated and lobulated foims suggesting amoeboid 
motion The radiate bodies vary in diameter fiom 4 to 6/z and are almost 
invariably spheiical in shape They contain a central round body, around 
which are grouped on optical section 10 to 18 narrow segments which in 
some cases are united, but in otlicrs aie sharply sepaiated laterally fiom each 
othei Occasionally some of the segments arc larger than the otheis, and in 
their staining reaction and form closely lescmblc the smallest granular bodies 
Sometimes all the segments aie seen as small free bodies which still suriound 
the ccntial body, or seem as if they had been fixed wdiile moving aw^ay from 
it betw cen the cells (Plate XV ) 

These tw o kinds of bodies arc found m thiee situations 1> mg m vacuoles 
in the epithelial cells of the epidermis, to a less extent between these cells, and 
flee in the lyni]ih i cssels and spaces of the corium just bencatli the epidermis 
When w'lthm epithelial cells they usualh cause indentation of the nucleus 
The bodies are not distiibutcd eienly, but usually occur in small clumps 
hloreoier, the skin fiom one location mat show' them cliiefly m the lymph 
spaces of the coruuii, especially in the papillre, while in that from another 
situation they may be almost cntiicly bctw'ccn oi m epithelial cells They are 
always least numcioiis where leukoettes are most abundant 

At the tunc of the fiist descrijition of these bodies they had been found m 
skin taken piobablj fioin o^el the chest oi abdomen Since then Duval has 
found them in five otlici moie recent cases which have come to autopsj 
The bodies wcic piescnt in skin fiom the chest, abdomen, groin, and innei 
asjicct of the arm Led by their picscncc in the hmph \essels and between 
the epithelial cells of the epidermis to the belief that the bodies might be 
drawn out with the sciiiin, he dcwiscd a simple method^ of producing rapid 
^ esication and w as able to obtain the bodies often in large numbers from 
\esiclcs jiroduccd in the giom in fice out of eighteen cases The scrum was 
practicalh fiec fiom cells and the bodies could be stained m co\ershp 
preparations hi the same methods used for blood preparations 

It IS doubtful if these bodies arc degenerations, because they occur not 
oiih within cells but free between them and witliin hunph spaces of the 
conum It seems much more probable that thej* are protozoa and have an 
etiological relation to scarlet fever 

In addition to these piimarv lesions of the skin and of the membranes of 
the mouth and pharjaix, certain lesions due to secondary infections w ith the 

’Mallon, F B “Scarlet Fc\er, Protozoon-like Bodies Found m Four Ca^es,” 
Journal oj Medical Research, 1904, aol a, 4S3-492 

*Dii\al C “ Die Protozoen des Scharlachfiebers ” Virchow’s Archu , 1905, 
vol clxxix, 4S5^9S 



342 


INFECTIOUS DISEASES 


Sti epiococcus pyogenes, less often with staphylococci or pneumococci, are 
relatively common and complicate the pathologieal changes due to the 
causal agent of searlet fever These secondary processes are, in the order of 
their frequency acute bronchopneumonia, acute mflammation of the middle 
ear with or without extension to the mastoid cells, suppuiation of ceivical 
lymph nodes, aeute pleuntis, and mflammation of the antrum of Highmore 
The less frequent complications are abscess of the lung, ulceration and 
abscess formation in the upper respiratory tract, acute endocaiditis, inflam- 
mation of the sphenoidal sinus, and metastatic abscesses of the kidney 
Some of these lesions deserve mention 
The bronchopneumonia may occur as small discrete or as large confluent 
nodules Aieas of atelectasis are often associated The bronchopneumonia 
IS most often due to streptococci, but staphylococci or pneumococci are some- 
times the cause Microscopically the exudation m the lung does not differ 
from that found in bronchopneumonia in other infectious diseases, except, 
perhaps, m the number of plasma cells present They usually occur m small 
numbers among the other elements of the exudation, but are found m greater 
abundance in the Avails of the alveoli They are also often present m the 
bloodvessels In all these situations their nuclei often show mitosis 
Acute inflammation of the middle ear occurs m man)’^ cases and is usually 
bilateral Rarely the process extends to the mastoid cells In the majority 
the exudation is purulent, but in others it is mucoid Avith an abundant mixtuie 
of pus cells As a rule the infection is due to streptococci and may occur as 
early as the third day Less often a similar infection of the antrum of High- 
more and still more rarely of the sphenoidal sinus may take place, with the 
production of a purulent or mucoid exudation 

A general infection or septicamia, usually Avith the streptococcus pyogenes, 
IS of common occurrence in fatal cases and must have great clinical signi- 
ficance As a result of these secondary infections it is difficult to deteimme 
in all cases just Avhat part of the systemic lesions present m the different 
internal oigans is due to toxic substances derived from the infectious agent 
of scailet fever and AAffiat part is due to the toxic substances derived from the 
bacteria present as secondary invaders Still a certain number die from 
uncomplicated scarlet fever, and from these a true picture of the systemic 
lesions caused by the scarlet fever organism can be obtained Like the 
general systemic lesions m diphtheria they are characteristic but not specific 
The muscle fibers of the heait m a certain pioportion of cases shoAV 
degenerative changes, of which the most important is that Avliich is associated 
with the deposit of fat m fine droplets in the fibeis 

Ordmarily the spleen is not enlarged It is firm, and the capsule is smooth 
but not tense There is no increase of pulp, but the Blalpighian bodies 
usually are decidedly enlarged and stand out prominently as gray to Avhite 
areas on a dark reddish background In some cases, however, the spleen is 
enlarged and soft, the pulp gieatly increased, and the Malpighian bodies 
mdistmct The cause of these differences is not apparent It does not seem 
to depend on the age of the patient, the stage of the disease, or the presence 
or absence of general mfection 

Microscopically, m stained preparations the centres of the enlarged 
Malpighian bodies appear pale, while the periphery is stained deeply The 
pale centres are composed chiefly of large phagocytic cells denved by pro- 
liferation fiom the endothelial cells Iming the reticulum of the lymph nodu- 
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les The lymphoid cells m the centres of the nodules have for the most part 
been incoiporated and digested by the phagocytic cells in whose piotoplasm 
only fiagments of them can be found The phagocytic cells are usually 
more or less fused together so that their outlines are made out with difiiculty 
In some cases they undergo necrosis and are transformed into a hyalin 
material which stains deeply with eosin The deep staming of the periphery 
of the Malpighian bodies and, aside from the phagocytic cells, the chief 
cause of their enlargement are due to the presence of great numbers of 
plasma cells many of which show mitosis The mfiltration with plasma 
cells likewise occurs abundantly everywhere in the pulp, both around the 
bloodvessels and along the trabeculae They are also present withm the 
bloodvessels 

The veins of the spleen often present a curious condition Collections of 
cells take place beneath the lining endothelium and m some cases cause 
irregular projections into the lumina so as almost to occlude them The 
cells which collect m this manner are principally lymphoid and plasma 
cells 

The changes m the gastro-inteshnal iiact are slight and mostly due to 
'' secondary' infections Ulceration of the oesophagus and small abscesses in 
the mucous membrane have been noted Hemorrhages may occasionally be 
found beneath the mucous membrane of the stomach and intestine The 
one constant lesion is a more or less well-marked hyperplasia of the lymph 
nodules of the intestine In severe attacks with death early in the disease, 
the Peyer’s patches are exceedingly prominent, and the swelling may be 
almost as marked as m typhoid fever The solitary lymph nodules of the 
large intestine may be equally prominent 

Microscopic examination of the stomach often shows more or less necrosis 
of the lining epithelium and numerous leukocytes both on the surface of 
the mucous membiane and m the lumina of the glands The centres of the 
lymph nodules are occupied by numerous large phagocytic cells m which are 
often fragments of the ingested lymph cells 

The changes m the lymph nodules of the rnteshne are very similar to those 
m the stomach There is a marked proliferation of endothelial cells in the 
centres of each and a corresponding disappearance of the lymphoid elements 
which have been incorporated and digested In the afpendzx the lymph 
nodules show a marked degree of the same process 

The changes m the live) are usually slight and chiefly of a degenerative 
character, — fatty degeneration being the most important Necroses occur 
rarely, two tjqies have been observed, the central and the focal In a marked 
case of the latter, there occurred everyu^here on the surface and throughout 
the substance of the liver small yellowish, opaque, non-purulent, non- 
elevated areas, each about 1 mm or less in diameter They probably 
lepresent miliary infarctions 

In the kidneys acute degenerative changes are common, especially cloudy 
swelling and fatty degenerations The most interestmg and important 
lesion is acute interstitial non-suppurative nephritis, which is fairly common 
The process varies from slight to very extensive changes In marked cases 
the kidneys are enlaiged and the capsule peels readily, leavmg a smooth 
pale u atery surface On section the cortex is swollen and the cut surface is 
mottled V ith small grayish, translucent areas, most numerous in the inter- 
mediate zone and m the adjommg cortex These areas are irregular, round 
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or lineal in shape They are present in a less dcgiee in the cortex imme- 
diateh beneath the capsule Small hemorihages may occur here and theie 
Minor degiccs ot the piocess can be iccognized only b) the inicioscope 

Histologically the piocess consists of a cellular infiltration, most marked 
m the coitex lust beneath the capsule, aiouiid the glomeiuh, and around the 
bloodeessels m the intermediate zone The cellulai aieas are composed 
chiefly of plasma cells, but a certain number of lymphoid cells and poly- 
nucltai Icukocjtcs aie usually associated ivith them Mitotic figures are 
often picsent in the plasma cells Many plasma cells are also found in the 
straight lessels of the pyiamids It is eiident that they migiate from these 
lessels into the ad]oinmg tissue The degenerative changes m the leiial 
epithelium are no more marked in these cases of acute interstitial nephiitis 
than in those in vliicli no mteistitial changes are present Although acute 
capsuhr glomerulonephiitis is generally believed to occui not infiequently 
aftei scailet fciei, no case of it has jet been obsened m the rathei large 
senes of autopsies vhicli have been made on scarlet fever patients at the 
Boston City Hos]nttil 

The hjmph nodes in all situations aie enlaiged, film, and on section pale 
and vatciy They are never soft and pulpy unless secondaiily infected 
The ceivical hmph nodes show the greatest enlaigement, the axillary and 
the inguinal the least The changes m them are not constant m all cases, 
but in gencial they arc similai to those in the Ijmph nodules of the spleen 
The bloodvessels aie congested The lymph sinuses aie dilated and contain 
man} laigc endothelial cells which are fiequently phagocytic The inclu- 
sions aie generally lymphoid cells and red blood corpuscles, and may be 
leiy numerous, ten to tventy in a cell The sinuses also contain numerous 
plasma cells 

The hmph nodules are much enlarged and contain m their centres 
numerous large, lightly staining, endothelial cells, which are so closely 
packed togethei that their outlines are usuallj made out AMth difficulty 
Tlie> are often phagocj^ic and contain fiagments of Ij^mphoid cells 

The chief change in the bone mmioiv, aside fiom numeious eosmophiles, 
IS the presence of gicat numbeis of cells aaIucIi cannot be distinguished 
fiom plasma cells They frequently shoAv mitotic figures and correspond 
in cAciA AAaA" AAith the cells found m the bloodA'esscls eAmjxAdiere and in the 
intestitial tissues of the kidneys 

Tlie other organs of the body aie negatn^e, except that the thymus gland 
in some cases contains manj phagocytic cells m aaIiicIi aie incorporated 
hmphoid cells and led blood corpuscles 

IncubMlon — ^Thcie is a marked difference in opinion regarding the in- 
cubation stage, some gning as slioit as tA\entjMoui hours, otheis as long as 
t\\ entA -one daA s IMuch of this disci epancy is due to faulty obserA^ation, and 
also to the fact that, although there may be a ceitam definite knoAA n exposuie 
to the disease, tlicic is also just as likely to be an iinknoAA n exposure to a mild 
and unrecogni/cd attack of scailet fcAcr Too much stress has been laid 
upo 1 an absolute definite time of incubation m the acute infectious diseases 
The question naturalh arises as to Aihy scarlet fcAer should liaAe a much 
shorter period of incubation than the others In the few instances a\ here 
indiAidiials liaie been inoculated AMth the blood of scarlet feAer patients, it 
has been found that three oi four dajs elapsed before the onset of sj mptoms 
This AA ould seem to be a sufficient ansAA ei to the statement that the period of 
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incubation of scarlet fever may be twenty-four to forty-eight hours When 
smallpox IS inoculated the period of incubation is considerably shorter than 
when the disease is contracted m the natural v ay, and it is reasonable to 
suppose that similar conditions prevail in scarlet fever "When a patient in a 
general hospital has an attack of scarlet fever and is removed as soon as the 
diagnosis is made, other patients in the same ward, if susceptible, do not show 
any symptoms of scarlet fever for at least a week or ten days, and, in some 
instances, twenty days At the South Department, of the seventy-four nurses 
who contracted scarlet fever when on duty, in only one instance was the 
period of incubation as short as six days It may be said that a person 
exposed to scarlet fever does not always contract the disease at once, but if 
the period of incubation is so short as twenty-four or forty-eight hours, 
certainly some of these individuals ivould have contracted the disease m that 
time Quite a number of instances have come to the knowledge of the writer 
where it ivas definitely known that there w^as only one exposure to scarlet 
fever and where the disease became manifest twenty days after this It is a 
very frequent occuirence for a child of the school age to be admitted to the 
South Department ill with scarlet fever and the other children in the same 
family too young to attend school do not show any symptoms of the disease 
for a week or ten days This has been of such frequent occurrence that it sug- 
gests that the period of incubation cannot be as short as twenty-four hours 
In 1861, Trousseau said that neither in measles nor in scarlet fever could 
the duration of the latent period be rigorously determined Some few years 
later Obermeier said that the incubation period of searlet fevei was un- 
known 

Hagenbaeh-Burkhardt reports 57 cases m which he gives the meubation 
period of 35 cases as over seven days, under eight days 4 cases, nine days 2 
cases, ten days 1 case, eleven days 5 cases, twelve days 1 case, thirteen 
days 4 cases, fourteen days 2 cases, fifteen days 5 cases, seventeen days 2 
cases, eighteen days 1 case, nineteen days 2 cases, and over twenty days 6 
cases Veit says that the period of incubation may be twelve to fourteen 
days Paasch reports a case m which it was twelve days Gerhardt and 
Remhold give eleven to thiiteen days Bawy reports a case in which the 
period of incubation was tventy-one days, Troianowsky one m which it 
was twenty-eight days Wheie there is a difference of opinion regarding 
the period of meubation it is evident that these different observers cannot 
be all correct or all incorrect The most logical conclusion is that the 
mean time of these different observers, twehe to fourteen days approx- 
imately, IS probably the true period of the incubation of scarlet fever From 
the study of over 5,000 cases of scarlet fever in many of which the time 
of exposure was definitely known, notwithstanding the statements of the 
authorities already given, the writer is thoroughly convineed that the period 
of incubation is variable, that the limits are practically from four to twenty 
days, with an average of ten to fourteen days This conclusion has been 
reached not from literature, but from personal observation and clinical study 
Symptoms — ^Pive distinct varieties of the disease are recognized First, 
the fulminating, m which the patient succumbs m from twenty-four to forty- 
eight hours This is frequently mistaken for hemorrhagic smallpox and, on 
the other hand, hemorrhagic smallpox is mistaken for it Persistent vom- 
iting IS a piominent sjmptom The angina is not particularlj marked 
Diarrhoea frequently occurs If the patient dies within tv enty-four hours 
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tliG clitirtictcnstic eruption does not nppenr, nnd the dm^nosis must be 
based on the constitutional sjmiptoms If the patient lives forty-eight hours 
there is a very general erythematous blush, but the eruption does not assume 
the chaiacteristic appearance because the patient does not live long enough 
The erj^hema is an extremely brilliant red and m 
some instances the skin is almost a mahogany color 
Delirium of a violent type is a prominent symptom 
The temperature is extremely high, from 105° to 106° F 
(Fig 32) Second, a malignant form, in which the 
temperature is extremely high from the outset, fre- 
quently reaching 105° F (Fig 33) The eruption is 
extremely brilliant, and it is impossible to make out the 
punctate appearance except m small areas scattered 
here and there Delirium of an active type, and m 
some instances of the low muttering variety, is usually 
present There is marked dysphagia and sometimes so 
much swelling of the fauces as to interfere with respir- 
ation The tongue is heavily coated Third, a moder- 
ately severe variety, in which the temperature reaches 
104° (Fig 34) There is a profuse nasal discharge and 
marked anginose symptoms Streptococcsemia is always 
present in this form The patient, as a rule, is not 
actively delirious but in a state of semi-stupor The 
eruption is not extremely brilliant, but has the char- 
acteristic punctate appearance Fourth, a form 
characterized by a certain amount of angina, a not 
particularly high temperature (Fig 35), a somewhat 
taint but characteristic punctate eruption on the body 
and in the roof of the mouth The eruption is accen- 
tuated in the axillie and in the groins Fifth, a variety 
in which the anginose symptoms are particularly 
marked, and the cutaneous manifestations in abeyance 
This vaiiety has been termed scarlatina sine eruptione (Fig 36) There is 
no sharp and dividing line between these different varieties but to under- 
stand the disease it is necessai} to make this arbitrary division Scarlet 
fever varies moie in intensity than any of the other exanthemata, and this is 
the reason v hy the disease is so prevalent, as many cases are not recognized 
and therefore not isolated 

The onset of scarlet fever, as a rule (to which, however, there are many 
exceptions), is abrupt The attack may commence with a slight headache, 
a feeling of chilliness not amounting to a rigor, a slight sore throat, nausea 
and \omiting In children the attack frequently begins with a convulsion 
In some instances there may be a feeling of malaise for three or four days 
before the onset of the characteristic s^miptoms Of 5,000 cases observed 
at the South Department of the Boston City Hospital, nausea and vomiting 
as an initial sjmptom occurred in about 80 per cent In 10 per cent of the 
remaining cases the patients v ere too ill to give any history Some observers 
hai e gi\ en the percentage of initial vomiting a little lower It is reasonable 
to conclude that in about three-fourths nausea and vomiting are the initial 
simptoms The characteristic eruption which commences, as a rule, on the 
ciicst ina\ appear tv o or three hours after the vomiting or may be deferred 
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for twelve to fourteen hours In rare instances the eruption does not appear 
for twenty-four hours Angina of greater or less severity is present, as a 
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rule, in every attack It may be so slight as to escape detection or so severe 
as to be mistaken for diphtheria An e\udate which has a ceitam similarity 
to that of diphtheria frequently appears on the tonsils and often gives rise 
to error The uvula is intensely congested and is frequently cedematous 
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A punctate eruption is frequently obsen^ed in the roof of the mouth The 
tongue is frequently coated with a creamy white fur through wdiich the 
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papillffi can be seen giving the appearance known as the stiawberry tongue 
The enlarf^ement of the papillie of the tongue at the tip and edges is a con- 
stant symptom and if a careful examination is made will be found m every 
case^ although in some instances it is so slight that it escapes detection After 
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the tongue is clean the papillre become more prominent and look like minute 
buttons studding the surface In the interspaces the mucous membrane is 
reddened and has a peculiar glazed, wrinkled appearance In some instances 
the tongue looks as if it had been varnished, it is so smooth and dry The 
papilla 2 sometimes have an appearance very much as if small grains of 
cayenne pepper had been sprinkled on the surface of the tongue The 
circumvallate papillae, as they are always moie or less prominent, do not 
seem to be speciallv increased in size in scarlet fever, but it is the papillie at 
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the tip and edges of the tongue that present the appearance lust described 
The imjiortnnce of the appearance of the tongue in diagnosis is ^ ery great, 
and frequently after the disappearance of the eruption and before desqua- 
mation takes place is the onlj sj-mptom on v Inch reliance can be placed The 
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ficrures (37 and 3S) are diagramatic, and therefore the enlargement of the 
papill'e IS exaggerated 

The InstorOof a tApical attack of scarlet fever of an cxtremeh mild form 
IS as follow s The child has a sudden attack of i omiting, complains of slight 
headaclie but after i omiting seems to feel bettei Fn e or six hours later the 
bodi IS co^ercd with a slight en-thematous blush, with a faint punctate 
appearance This fades in twehe hours, sometimes m six, and the child is 
apparenth w ell There is no isolation, and fii e or six dai s later other mem- 
bers of the faniilj liaA e attacks of scarlet fc\ ei of moie or less sei onV If the 
child goes to school he infects some of his schoolmates Some few ^earb ago 
a chifi 111 an institution where there were loO children had an attack of 
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scarlet fe^e^ similar to the one just described, and infected 25 of the inmates 
No plnsician was called, as the child apparenth lias not ill, the rash was 
so e\ aiiescent that it escaped the obsen ation of the mati on The w riter has 
seen some 8 instances of outbreaks traced to similar mild attacks 

As scarlet fei er \ aries in intensiti , so docs the temperature As a iiile, the 
more brilliant the eruption the higher the temperature In a stiidi of 3,000 
cases w ith regard to the temperature it w as found that 102 had a temperature 
of 99° F ,411 had a temperature of 100°, 470 a temperature of 101° In 5S9 
the tempciatiirc reached 102°, it was 103° in 575 cases, it was 104° in 4S4 
cases, in 330 cases it was 105°, and in 39 mstinces was 106° In 2 4S7 
cases, the temperature lemaiiied abo\e 100° one da\ in 414 two da^s in 558, 
three dais in 49S, four dais in 315, fiie dais m 204, six dais in 153, seicn 
dais in 102 eight dais in 114, nine dais in 15 and ten dais in 84 cases The 
temperature in some cases falls bi crisis and in others bi 1} sis 
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Eruption — ^This is a punctate erythema and vanes in a marked degree 
according to the type of the disease, sometimes the entire surface of the 
bod} is of a brilliant scarlet hue and it is impossible to make out the individ- 
ual puncta In other cases in certain portions of the body there vill be 
simply a blush, and m other portions distinct puncta can be distinguished 
In moderately severe attacks there is a marked redness of the palms and 
soles V Inch have a hard and dry feeling Numbness of the hands is not infre- 
quent As a rule, the eiuption is accentuated on the axillae, groins, and 
popliteal spaces The papillai of the skin are enlarged in moderately severe 
attacks Miliary vesicles frequently appeal, although this is not a part of 
the disease but due to the high temperature The skin has a peculiar harsh 
and dry feel, which is particularly marked after the fading of the eiuption, 
or, m other v ords, the skin of the patient, if a child, resembles that of an old 
person It has a papery feel and v iinkles when the hand is passed acioss the 
abdomen In the colored race there is a peculiar appearance of the skin 
vhicli it IS impossible to describe, the hue being of a more intense black 
and without the lustie seen m health 

The eruption generally commences on the trunk and extends upwaid to 
the neck and dov nward to the extremities As a rule, there is no eruption on 
the face The cheeks may be extremely red, but the upper and lowei lips 
are pale, giving the appearance known as mouth pallor, which is a very con- 
stant s}Tnptom m moderately severe attacks Frequently there is an intense 
burning heat of the skin, sensible to the touch, although the temperature may 
not be particularly high As the character of the disease varies greatly, so 
the eruption differs in a like degree fiom a transient erythema lasting from 
tvelve to twenty-four hours to an extremely biilhant efflorescence lasting 
three or four days 

Plate XA^I gives a very good idea of the eruption of scarlet fever of a not 
very severe type The heipetic eruption near the commissures of the lips is 
very well showm This is a very frequent condition m scarlet fever The 
mouth pallor can also be seen 

Delayed rashes sometimes occur, that is to say, a patient wull have the 
angina of scailet fever, and slx, seven, and in some instances ten, days may 
elapse before the eruption appears During this time the patient has a high 
temperature wuth marked throat symptoms and an exudate on the tonsils, 
cultures from wdnch show^ the presence of streptococci 

Cer\ ical adenitis is a veiy common symptom, and may appear eaily in the 
course or be delayed until convalescence In an analysis of 5,000 cases of 
scarlet fever the cervical glands were enlaiged m about 50 per cent Sup- 
puiation took place m about S pei cent 

The kidne}s m scarlet fever as a rule are affected to a gi cater oi less extent 
Albuminuria is present m a large propoition In a series of 1,000 patients 
it w as found that m about 28 jrer cent no albumen was found, the slightest 
possible trace was found m 40 per cent , a very slight trace m 4 5 per cent , 
a slight trace in 10 per cent , a trace in 7 per cent , and a large trace in 3 
per cent If the amount of albumen w'as sufficiently large to be estimated by 
fiactions of 1 per cent it w as obsen^ed that about 3 per cent had one- 
tenth of 1 per cent , 4 per cent had one-eighth, and 2 per cent had 
one-fourth There w ere 15 instances in this series m wdnch the amount of 
albumen was one-half of 1 per cent Six of these patients died A small 
amount of albumen, especially if a large quantity of urine is passed, does not 
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necessarily indicate that the patient may not have a uraemic convulsion A 
patient may seem to be progressing favorably, passing a sufficient amount 
of urine Avith only a tiace of albumen, when suddenly he has a convulsion 
and dies in a short time In 5,000 cases, 20 instances of this nature have 
occurred, three to four weeks after the commencement of not veiy severe 
attacks Kidney complications may occur as late as six weeks after the onset 
Chronic renal disease is not infrequently caused by scarlet fever, and the 
possibility of this should always be kept m mind 

Klebs in 1876 divided the changes of the kidneys into three groups 
“First in the febrile stage a granular desquamation of the epithelium, 
second, toward the end of the disease an acute interstitial nephritis with 
the kidneys large and lax, and on section smooth with gra3ush-white 
nodules, while microscopically the tubules are granular or fatty, with the 
tissue between infiltrated with lymphoid cells, third, during convalescence 
a glomerulonephritis ” 

The eyes are very rarely affected although occasionally there may be 
slight conjunctivitis Hordeola, either external or internal, frequently occur, 
but do not give rise to any very serious trouble A phlyetenular conjuncti- 
vitis or any chronic trouble with the eye is always exaceibated by an attack 
of scarlet fever 

The middle ear, particularly when the anginose symptoms are marked, 
fiequently becomes actively inflamed If the patient is seriously ill and 
delirious, this may be overlooked and not recognized until there is a profuse 
discharge from the meatus In some instances the inflammation may be of 
a low grade without concomitant pain, and the membrana tympani will 
rupture without any symptoms referable to the ear The percentage of otitis 
media m scarlet fever as given by different observers varies very consider- 
ably Fmlayson says that it was present in 10 percent of 4,397 cases observed 
by him Caiger found otitis media m 11 per cent of 4,015 cases of scarlet 
fever and Burckhart in 33 per cent of his cases At the South Department 
of the Boston City Hospital in 5,000 cases, 18 per cent had middle ear trouble 
When there are severe throat sj^mptoms involvement of tha middle ear may 
occur in 50 per cent When this symptom appears early in the course of a 
severe attack the temperature does not seem to be specially influenced 
Otitis media late in the course or during convalescence is always accompanied 
by a sharp rise m temperature and severe pain in the ear In very young 
children persistent crying without apparent cause and a constant movement 
of the hand to the ear are indications of a commencing otitis media 

Welch and Schamberg m 18 cases of otitis media found that the discharge 
appeared on the follou mg days in 1 each on the 6th, 8th, 10th, 11th, 13th, 
16th, 17th, 18th, 20th, 21st, 22d, 23d, 32d, and 35th daj^s and m 2 each 
on the 9th and 19th days At the South Department of 50 cases of middle- 
ear disease the days on which the discharge commenced were as follows 
in 8 each on the 7th and 9th days, m 7 on the 5th day, m 4 on the 13th day, 
m 3 each onethe 4th, 11th and 22d days, m 2 each on the 14th, 16th, 19th, 
23d and 35th days, and m 1 each on the 20th, 32d, 38th and 40th day 

Cultures taken from the discharge in a comparatively small proportion 
shoved the presence of the Sircpiococciis pyogenes The most frequent 
organisms vere the Staphylococcus pyogciics aureus and ciireus A profuse 
dischaige from the ear and a slight amount of tenderness in the mastoid 
region indicate mastoiditis. A sudden rise in temperature, a cessation in 
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the discharge from the ear and even a limited amount of tenderness m the 
mastoid region also indicate mastoid inflammation Bulging of the posterior 
wall of the meatus also indicates mastoiditis 

Blood — The blood in scarlet fever has been carefully studied in reference 
to leukocytosis Tileston and Locke^ examined the blood m 35 cases of 
undoubted scarlet fever Their conclusions are as follows 

1 “The blood of scarlatina in children differs fiom that in adults only 
in proportion to the diffeiences m normal blood at the different ages 

2 “A slight secondary amemia is the rule in all but the very mild cases, 
varying directly with the severity and duration of the disease The fall in 
hiemoglobin is from 5 to 25 per cent and in the erythrocytes from 100,000 to 

700.000 per emm Both leturn to normal after a period of seveial weeks 

3 A leukocytosis almost invariably accompanies the disease and runs a 
chaiacteristic course Rising abruptly on the second to eighth day (18,000 to 

40.000 per emm ) the count falls rapidly for a few days, then more gradually 
to reach normal, in convalescence, usually at the end of from three to six 
V eeks 

4 “ During the period of invasion and eruption the polynuclear leukocytes 
are both lelatively and absolutely increased, but decrease giadually vith the 
fall m the leukocytosis till convalescence, when they may become lelatively, 
though never absolutely, below normal The mononuclears take an exactly 
opposite course With the onset the eosinophiles disappear entiiely or aie 
greatly reduced, to rise above normal when defervescence begins This 
eosinophilia persists until late convalescence Myelocytes are often seen in 
small numbeis, as m all infectious diseases 

5 “Complications, Avitli a few exceptions, exert no influence upon the 
couise of the blood If severe they may increase the amemia and in a few 
instances (nephritis and diphtheria) even produce a rise in the leukocytosis ” 

The results obtained in the examination of the blood m scarlet fevei have 
not been productive of anything veiy definite so far as diagnosis and pro- 
gnosis aie concerned 

SequelaB — Kidneys — Chrome disease of the kidneys is not an infie- 
quent sequel, but it is not neaily so common as generally supposed In an 
analysis of 5,000 cases of scarlet fever it was found that a chronic nephritis 
followed in 20 instances 

Heart — Chronic heart disease sometimes follows, but the most serious 
trouble of this organ, as the result of scarlet fever, is the acute form There 
are three types of scarlet fever hearts first, where the heart is affected by the 
scarlatinal toxin, second, a condition of the organ due to nephritis, and 
third, secondary affections due to streptococcsemia The heart is frequently 
dilated, and murmuis more or less persistent are common In an analysis 
of 1,000 cases of scarlet fever a mitial systolic murmur was detected in 187 
cases, gallop rhythm m 5, irregulai action in 44, endocarditis in 3, and peii- 
carditis in 5 A large proportion of these murmurs were due to dilatation 

In a second 1,000 cases studied vith leference to heart complications 
during an epidemic of a somewhat seiere type, the writer found a mitral 
systolic murmur in 432, gallop ihythm in 16, irregularity in 100, endocarditis 
in 10, and pericarditis in 8 cases In a third 1,000 cases v ith a mild variety 
of disease, the figures were substantially the same as those in the firR 1,000 
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cases Although heart complications do occur during mild attacks of the 
disease, they are not nearly so common as dm mg the seveier attacks Endo- 
carditis and pericaiditis, followed by dilatation and death, may occur 
Lymphatic Glands — The Ij'mphatic glands, more particularly those of the 
neck, are enlarged to a greater or less extent m nearly every case Sometimes 
this IS so slight as to escape detection In other cases the glands assume the 
size of a pigeon’s egg, are extremely haid to the touch and not necessaiily 
tender In a third class, the glands are enormously enlarged , there is a sharp 
rise m temperature, marked tenderness exists, and finally the glands sup- 
purate This condition may appear early m the course, oi be postponed 
thirty-five or forty days from the commencement of the attack 

Cellulitis — Cellulitis of the neck and other parts m the severer types of the 
disease is not infrequent 

Paronychia — ^Paronychia is frequently observed, but as a rule, it is a late 
symptom and does not occur until desquamation is thoroughly established 
This condition is due to infection with the pus cocci Patients are constantly 
picking the dead skin from the fingers and m this way cause an abraded 
surface which allows the entrance of organisms 
Furuncles — In a certain number of cases small boils form m various parts 
of the body and successive crops may appear 

Impetigo Contagiosa — Impetigo contagiosa is a not infrequent sequel 
Sometimes the eruption may be so general as to be mistaken for varicella 
During desquamation there are small abraded sui faces on the surface of the 
body which readily become infected with pus cocci from the fingei-nails 
Pneumonia — Pneumonia as a complication must always be considered 
in the severer t^qies of the disease, although it is not veiy frequent Broncho- 
pneumonia occurs much more frequently than lobar pneumonia 

Pleuritis — Pleuritis frequently occurs, and empyema may appear as an 
early or late complication The condition is grave and frequently the 
immediate cause of death When streptococci are found m the pus the con- 
dition IS critical m the extreme 


General Pentonitis — General peritonitis due to streptococcus infection 
as a complication is extremely rare, that it may exist and not be reeognized 
IS possible, for the patient may be so delirious as to prevent a diagnosis being 
made, or the prostiation may mask the characteristic symptoms and render 
a diagnosis impossible Among 5,000 cases of scarlet fever there has been a 
limited number with symptoms which suggested this complication, but the 
speedy subsidence of all symptoms and ultimate recovery would seem to 
prove that peritonitis could not have existed In 4 out of 5,000 cases peri- 
tonitis did actually occur In these the attack of scarlet fever w as not 
especially severe and there vas no cause for anxiety until the occurrence 
of the abdominal symptoms This complication is exceedingly grave 
Arthntis — ^This is not infrequent There is sometimes marked effusion 
but this is rare and suppuration is still more infrequent 
Jaundice — This was observed in 15 of 5,000 cases It is not a sjTnptom 
of any gravity and may occur at any time during the first three eeks of the 
attaek 


Desquamation — ^The desquamation commences m severe cases in four 
or fi^e da^s from the beginning of the attack In mild cases ten to fifteen 
days and sometimes tv enty days elapse before the process begins It may 
be lerj piofuse or ver> slight, depending upon the brilliancy of the eruption 
^OI. 2 — 23 
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and tile condition of the skin Large scales of epidermis 1 to 2 centimeters 
square may be exfoliated Children, as a rule, do not desquamate to such 
an extent as adults, because the skin is much more pliable and soft than 
in the latter This is notable in the hands and feet Every case of scarlet 
fever does not desquamate This is particularly true of the extremely mild 
attacks of the disease The desquamation has been described as lamellar, 
in distinction from that of measles, which is furfuraceous, but this is arbi- 
trary, as a se\ere attack of measles may be followed bj' a lamellai desqua- 
mation, while that of a mild attack of scarlet fever may be furfuraceous 
Desquamation commences, as a rule, in the axillie and inguinal regions 
Pievious to this, however, if the fingcis are carefully examined there will be 
found a v lute line at the junction of the pulp of the finger with the nail, look- 
ing very much as if a fine superficial incision had been made This appear- 
ance cannot be seen unless a careful examination is made and the pulp of the 
finger is pulled away from the nail This, of course, is commencing desqua- 
mation, but it can be seen before there is much, if any, general desquamation 
This condition is often of great assistance m making a diagnosis after the 
disappearance of the eruption and before the general desquamation is 
apparent Many outbreaks of scarlet fever have been traced to their source 
by appreciation of the significance of the condition just described In adults 
this separation of the epidermis of the fingers is much more pronounced than 
in children, but it can alwavs be demonstrated in the very young In some 
instances the epidermis of the palms and of the soles separates in one large 
piece Sometimes the process of desquamation leaves the skin extremely 
sensitive to heat and cold, and for this reason great care should be exercised 
in applying hot applications and embrocations to the skin of a patient m the 
desquamative stage Neglect to appreciate the sensitive condition of the 
cutaneous surface in this stage has caused severe burns from hot applications 
the temperature of which would not have given rise to an injury in a person 
with a sound skin 

The process of primaiy desquamation is generally completed in five or six 
weeks, in rare instances eight weeks may elapse before the skin is in its 
normal condition Secondary desquamation, by which is meant that exfolia- 
tion of the skin that sometimes, but not very frequently, occurs after the trae 
desquamation is over, is ended m about ten weeks The feet are the last 
portions of the body to desquamate 

Because a patient desquamates, it does not necessarily follow that he has 
had scarlet fever All erythemata desquamate to a greater or less extent 
Irritant applications will cause a certain amount of peeling, as is frequently 
seen on the hands Some patients ill with scarlet fever do not desquamate 
to any very great extent, it therefore follows that too much stress in the post- 
eruptive stage should not be placed on the presence or absence of this con- 
dition hlany individuals have been unjustly isolated on account of a des- 
quamation that was in no way due to an attack of scarlet fever Health 
authorities do not appreciate the fact that desquamation is not positive 
evidence of scarlet fever 

Relapse — It is the generally conceived idea that one attack of scarlet fever 
absolutely protects the individual from a second , and v bile this may be true 
m a vast majority of cases, yet undoubted relapses do occur This statement 
IS made vith the full understanding that the idea of an error in diagnosis 
must be combated Second attacks of the disease occuriing at intervals of 
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two .and three years or longer are not so uncommon It is important to dis- 
tinguish a true relapse from a pseudorelapse A re-infection must also 
be differentiated from a relapse A true relapse occurs in from thirty 
to thirty-five days after the disappearance of the eruption The usual 
sjanptoms appear at the onset A pseudorelapse, or a reversio eniptionis, 
takes place just after the disappearance of the rash, sometimes it may appear 
in ten or as late as fifteen days after the subsidence of all symptoms A re- 
infection may take place about fifty days after the eruption has faded The 
recurrence of the disease, as a rule, is not accompanied with any very violent 
symptoms An attack of so-called tonsillitis which is frequently noticed in 
the convalescent scarlet fever wards may possibly be a mild re-mfection, as 
the appearance of the throat in these cases is very similar to that m scarlet 
fever Thomas gives the following account of relapses among the crew of a 
British frigate “The relapses among the crew of the frigate ‘Agamemnon’ 
occurred somewhat later than usual According to Richardson, out of about 
700 men, 300 were affected the first time so that the ship had to be cleared, 
thoroughly disinfected, and ventilated for more than one month On April 
4th it was again manned, and already, on April 9th, relapses occurred m 18 
of the 102 convalescents who had returned to the ship, but the disease also 
recurred in many of those who had remained on land in the hospital, as also 
in 1 who had obtained furlough to return home It is not reported how many 
days elapsed between the first and second attacks of the several cases, but 
as all the first attacks probably occurred in February, and the relapses in 
April, the interval evidently lasted much beyond one month in most cases 
The second affection was either mild or as intense and characteristic as the 
first ” 

In the 5,000 cases of scarlet fever seen by the writer, relapses have 
occurred in 15 and second relapses in 6 cases There have been 15 instances 
of re-infection occurring from forty to fifty days after the advent of the initial 
sjmiptoms of the first attack In 10 instances patients have been admitted 
with scarlet fever from two to four years after a first undoubted attack of the 
disease 

Diagnosis — ^The diagnosis of a severe attack after the appearance of the 
eruption is not particularly difficult In the preemptive stage it is fiequently 
extremely difficult and must be based upon the appearance of the throat, the 
peculiar redness of which is to be distinguished from the appearance in 
diphtheria In a good light, puncta can be seen in the roof of the mouth, but 
must be differentiated from those sometimes seen in health The appearance 
of the puncta in the mouth is similar to that on the skin, but there is a diftei- 
ence in the color, the former being of a more brilliant red than the latter In 
this stage the appearance of the tongue is of great assistance The history 
of Aomiting IS also an aid, as this is one of the most constant sjmptoms 
ConA iilsions are frequently present in young children, and rigors in adults 
The onset of the attack, as a rule, is sudden, but there may be a feeling of 
malaise for tw’o or three days prcMous to pronounced s>'mptoms A sudden 
rise in temperature and an attack of a omiting should give w arning and place 
the plij sician on guard Tins is of particular importance in diphtheria w ards 
and in wards where non-mfectious diseases aie treated The temperature is 
generalh elevated, but a patient may have an attack of scarlet fever with a 
perfeeth characteristic eruption and only a slight rise m temperature 
throughout the w hole course 
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The diagnosis of a mild attack is frequently very difficult, but a careful 
examination of the throat and an appreciation of the peculiar appearance of 
the tongue will m most instances be sufficient There are cases, howevei, 
in which the symptoms are so slight that it is impossible, no matter how much 
experience a man may have had, to decide definitely for or against the 
existence of scarlet fever The only safe course is to isolate the patient for a 
certain length of time until he does or does not desquamate, although the 
absence of desquamation is not absolute proof that the patient has not had 
scarlet fever 

Measles — ^This disease is sometimes mistaken for scarlet fever in the 
initial stage, but an examination for Kophk’s sign and the coryza, vith 
coughing and sneezing, ought to render this error extremely rare 

Scarlet Fever and Measles — Scarlet fever and measles are not infre- 
quently associated and diagnosis is extremely difficult It is impossible to 
state definitely regarding the nature of the disease until the patient has been 
under observation for twenty-four to forty-eight hours In this disease 
Kophk’s sign and the condition of the conjunctivie are to be taken into 
account, together with the appearance of the tongue and the accentuation of 
the eruption in the axillie and in the inguinal regions The presence or 
absence of eruption on the face and the mouth pallor are to be noted 

Eubella — This disease, wdiich very frequently serves as a cloak for eithei 
scarlet fever or measles, presents many difficulties m diagnosis Sometimes 
the eruption is so fine as to resemble very closely that of scarlet fever On 
the other hand, the small macules may simulate the commencing eruption 
of measles Rubella is not nearly so common as is generally supposed, and 
many of the cases reported have been either scarlet fever or measles of a mild 
type The glandular enlargement, on W'hich so much stress is placed, is not 
of the slightest aid in differential diagnosis, as the same condition occurs in 
scarlet fever and measles The writer has investigated a number of out- 
breaks of scarlet fever w'hich w'ere due to so-called attacks of rubella In 
making a diagnosis of rubella, the physician ought to be absolutely sure of 
the nature of the disease In doubtful cases, for the safety of the public, it is 
vastly better to isolate the patient for a few days rather than run the risk of 
an error and thereby cause an outbreak of scarlet fevei Too much emphasis 
cannot be laid on the fact that patients may have attacks of scarlet fever w ith 
very little constitutional disturbance, and this should influence the physician 
in making a diagnosis of scarlet fever m distinction from rubella 

Fourth Disease — ^There has been a considerable amount of discussion 
during the past few" years regarding a condition resembling scarlet fever to 
w Inch this name has been given While it is possible that there may be such 
a disease, it is much more reasonable to suppose that the eruption described 
w as, in fact, that of a mild attack of scarlet fever In the description of this 
disease Dukes^ says 

1 “Although its resemblance is so close to scarlet fever m many features, 
it cannot possess any affinity w"ith that disease, inasmuch as both diseases 
occurred concurrent!)" in the same epidemic 

2 “Some of the sufferers had both diseases m the same epidemic 

3 “One patient had scarlet fever follow"ed by the Tourth disease’ 

4 “Several had the ‘fourth disease’ follow'ed by scarlet fever 


^Lancet, July 14, 1900 
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5 “Although the ‘fourth disease’ has been confused with rose-rash and 
legarded as a mere variety of rubella, this conclusion is fallacious since nearly 
one-half the cases in an epidemic had already had rose-rash within a year or 
two, which, according to Cullen’s established law, is incredible 

6 “I have purposely refrained from attaching a name to the disease in 
order to avoid the anomalous description of the same disease under an 
indefinite number of terms as m the case of its ally, which has been variously 
designated as ‘rubeola notha,’ ‘rothein,’ ‘rubella,’ ‘German measles,’ ‘epi- 
demic roseola,’ and ‘rose-rash ”’ 

Dr Dukes’ points are not well taken, for instance, he said that some of the 
patients had the same disease m each epidemic, which might occur and very 
frequently does occur in epidemics of scarlet fever of a mild type The stress 
that he lays upon Cullen’s established law is altogether too great, as any one 
who has had any experience with infectious diseases knows The question 
of relapses, to which allusion has already been made, proves that one attack 
of an infectious disease does not necessarily give immunity From a some- 
v hat extended experience m the diagnosis and treatment of the exanthemata, 
the writer can confidently state that, in his opinion, the existence of a 
“fourth disease’’ has not been proved, and that he has never seen just the 
condition vliich Dr Dukes describes Dr ICei,* in an elaborate article on 
this subject, says “Now, after eighteen months, and in the face of the able 
criticisms by the authorities on fever m children, I feel that only one verdict 
IS possible regarding the contention of Dr Dukes, and the verdict is a 
Scottish one, — ‘not proven 

Among the 24,000 patients, the majority of whom were children, treated 
at the South Department of the Boston City Hospital during the past ten 
years, no such eruption as that described by Dr Dukes has been obseivcd 
During this time there has been an immense number of anomalous eruptions 
not belonging to the exanthemata and also many anomalous tjqies of the 
exanthemata, but no condition worthy of the name of “fourth disease’’ has 
been noticed The v riter cannot help feeling that, although the discussion 
legarding the "fourth disease" may possibly have done some good in causing 
the moie caieful examination of patients vith eruptions and, consequently, 
a moie accurate diagnosis, still on the other hand it has probably increased 
the jirevalencc of scarlet fever on account of incorrect diagnosis 

Erythema Infectiosum — Eschench has described under this name an 
cxanthem a\ Inch may possibly be mistaken for scarlet fever, but the eruption 
IS moie maculai than punctate, and the absence of throat sjmptoms and the 
appearance of the tongue ought to make the diagnosis comparatively easy 
Strieker described in 1S99 an epidemic of “Die neue Kmderseuche in der 
Ungebung Aom Giessen, erjihema infectiosum ’’ This disease is probably 
the same as that described by Eschench Tnpker, in Coblenz, m 1901 
described a similar disease Plachte in 1904 also described this disease 
Sei eral other obser^ ers hai e also mentioned the existence of this exanthem 
’llie nritcr has obsened se\eral cases of this nature This disease is also 
frequentlj mistaken for measles, but in the cases that came under the 
obscr^atlon of the vnter, although the patients vere not isolated, no cases of 
scarlet feier or of measles vere contracted from them That this disease is 
an entif\ cannot be disputed, and it is important from a diagnostic point of 
\ lew , as all of the patients w ho had this eruption applied for admission to the 

^Practitioner, Februarj, 1902 
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scarlet fever wards or to the measles ward of the South Department It is 
needless to say that they were refused admission They were, however, care- 
fully watched foi some considerable time m order to verify the diagnosis 
Desquamation to a limited extent was present m most of the cases, but it v as 
not so geneial as in the case of scarlet fever The absence of throat symp- 
toms, the fact that the papillae of the tongue were not enlarged, and the pro- 
nounced eruption on the face, were the principal points on which the 
diagnosis was based 

Lichen Tropicus — This disease is frequently mistaken for scarlet fever, 
and when theie is a rise m temperature, as not infrequently oceurs in 
children, the diagnosis is somewhat difficult If attention is paid to the con- 
dition of the throat, the peculiar appearance of the tongue, and to the 
faet that m scarlet fever the eruption is accentuated in the axillie and m the 
groins, while m lichen tropicus it is not, a correct diagnosis can be made 

Drug Eruptions — Many drugs cause the appearance of a punctate ery- 
thema which it is frequently very difficult to differentiate from that of scarlet 
fever if the diagnosis is to be made simply from the condition of the skin 
In all of these the diagnosis must be based upon the condition of the 
mucous membrane of the throat and on the appearance of the papillae of 
the tongue, together with the constitutional disturbance The appearance 
of the thioat and the enlargement of the papillai of the tongue have already 
been desciibed 

Quinine in certain individuals will cause a very general eruption, punctate 
in character, v hich simulates that of scarlet fever to a remarkable degree 
Theie is, however, no congestion of the throat and no enlargement of the 
papillie of the tongue Profuse desquamation follows this eruption which can 
in no way be distinguished from that of scarlet fever It is lamellar in 
character, and frequently large scales of epidermis will be exfoliated from the 
palms and soles In malarial fever after the chill, during the remission when 
quinine is administered, this eruption not infrequently occurs As there is 
marked constitutional disturbance at this time, no assistance m the differ- 
ential diagnosis can be obtained from this condition It is at this time that 
the condition of the mucous membiane of the mouth is of the greatest help 
m arriving at correct conclusions 

Strychnine m small doses sometimes, although rarely, causes a punctate 
eiythema lesembhng that of scarlet fever 

Atropine causes an eruption which, from its resemblance to that of scarlet 
fe\er, caused the idea to be prevalent a few years ago that this drug "was of 
advantage m the treatment of the disease The dilatation of the pupils, the 
dryness of the fauces, the peculiar blush on the face, are the important points 
on which to base the differential diagnosis It is remarkable how small an 
amount of atropine v ill sometimes cause an eruption The writer has seen 
several cases where atropia, used for mydriatic purposes, caused an eruption 
v hicli V as incorrectly diagnosed as that of scarlet fever 

Corrosive sublimate, when used for sterilization for an operation, will 
sometimes cause a punctate er>i;hema twenty-four hours after its application 
The constitutional disturbance following the operation and the nausea and 
vomiting caused by the ether render the diagnosis more difficult In this 
condition the mucous membrane of the mouth is the only guide to a correct 
diagnosis 
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Iodoform, even in very small quantities, may cause an eruption similar to 
that of scarlet fever From the appearance of the eruption alone a diagnosis 
IS impossible, the determining factor is the mucous membrane of the mouth 
The eruption caused by copaiba, although more frequently resembling 
that of measles, may sometimes have a punctate appearance like that of 
scarlet fever 

Allusion has been made to the fact that hemorrhagic smallpox is sometimes 
mistaken for scarlet fever, and vice versa The preliminary rash of smallpox 
sometimes bears a slight resemblance to that of scarlet fever, but if the patient 
is carefully examined from head to foot a few papules of smallpox can 
generally be detected Vesicles can frequently be seen in the mouth at the 
same time 

In a severe attack of chickenpox where the eruption is very abundant, the 
interspaces between the vesicles present a punctate appearance which has led 
to an error m diagnosis When the tv o diseases are associated, as they not 
infrequently are, the skin has an entirely different appearance from the one 
just described 

In short, m making a diagnosis of scarlet fever the v hole clinical picture 
must be taken into account, but the chief reliance must be placed on the 
condition of the mucous membrane of the mouth 
The history of exposure is alw ays a weak staff on which to lean, and pro- 
bably has caused many errors of diagnosis The statements in the foregoing 
paragraphs are not theoretical in their nature, but are the result of careful and 
anxious study at the bedside of the patient Although these statements may 
be doubted by those v ho have had a limited experience with scarlet fever, 
the V nter is thoroughly convinced that they are correct 

“ Surgical Scarlet Fever ” — ^The existence of this m distinction from 
medical scarlet fever is a disputed point, but \\ e are of the opinion that there 
is no such disease Patients on whom a surgical operation has been per- 
formed, if exposed to scailet fever, are no doubt moie likely to contract the 
disease because the operation diminishes their resisting pow ers, but this does 
not eonstitute a distinct form of scailet fevei Before the days of aseptic 
surgery, vhen septic rashes were more common than at the present time, 
much moie vas heard regarding surgical scarlet fe\er 

Patients vho have burns of either the first or second degree, if exposed to 
scarlet fe\er, may contract the disease moie readily than if the skin is intact, 
but this is not surgical scarlet fever, it is scarlet fe\ er in the m ounded Con- 
sidering the great frequency of burns and the prevalence of scarlet fe\er, it is 
remarkable that scailet fe\ er is not more often contracted by children v ith 
burns 

An mdnidual vho has had repeated attacks of appendicitis may ha\e the 
mflamination excited m that situation by the initial sjonptoms of scarlet 
IcAcr The nausea and lomitmg attendant on the onset of the disease may 
lead the surgeon to decide on an operation Tw entj -four or fort} -eight hours 
later an eruption of scarlet fe^er appears This is not surgical scarlet fe^er 
but scarlet fc\ er in the v ounded Se\ oral such instances ha\ c been obser\ ed 
hv the vriter In these cases in\ estigation proied that there had been a 
direct exposure to scarlet fe\er a short time prcMous to the operation 
Prophylaxis — ^The segregation for a long time of patients ill with scarlet 
fe%cr IS the onb method of prcAcnting the p^e^alence of the disease In 
smallpox we ha^e an efhcient aid m aaccination In diphtheria, antitoxin 
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limits the spread of the disease, but in scailet fever, in the light of our present 
knowledge, we must depend upon isolation, prefeiably m special hospitals 
In a tenement house it is very difficult and well-nigh impossible to properly 
isolate a patient 

The medical inspection of schools, if properly conducted, would be an 
efficient means of limiting the spread of scarlet fever It is an undeniable 
fact that walking cases are responsible foi many outbreaks As scailet 
fe^er is infectious from the initial vomiting until desquamation is com- 
pleted, it IS evident that isolation should be early and continue for a long 
time It has been stated by some observeis that scarlet fever cannot be 
communicated before the appearance of the eruption, but this is not coi- 
rect, as a child may communicate scarlet fever during the initial stage of 
vomiting and sore throat This has been proved by experience in many in- 
stances While we have no definite knowledge, so far as bacteiiology is 
concerned, regarding the mfectiousness of the desquamative stage, theie is 
abundant clinical proof that the epidermic scales have the power of commu- 
nicating the disease 

Discharges from the nose and from the eais of a convalescent scarlet fever 
patient are undoubtedly infectious It therefore follows that m older to 
accomplish anything in limiting the spread of scailet fever isolation must be 
early, rigidly enforced, and continued for a long time As the poison of 
scarlet fever remains active for a long time and can be conveyed by fomites, 
it IS very important that the clothing worn by the patient at the time he was 
taken ill should be thoroughly disinfected The neglect of this piecaution 
has caused outbicaks of the disease It is necessaiy to be absolutely sure 
that disinfection is effectual, and, in ordei to accomplish this, the details must 
be caiefully carried out Much disinfection is useless because carelessly 
done, and therefore the results are not satisfactory 

The establishment of sanitary wash-houses to which the clothing and bed- 
hnen of a patient ill with scarlet fever could be sent to be thoroughly dis- 
infected and V ashed would be an important factor in limiting the spread of 
the disease Glasgow, the sanitary arrangements of which are second to no 
city m the world, has a large building devoted to this puipose, and in this way 
much has been accomplished 

Isolation hospitals are the most effectual means for diminishing the spread 
of infectious diseases in crowded cities Glasgow has probably suffered more 
in this lespect than any other city, and it was not until a special hospital for 
the treatment of these diseases was established that there v as any marked 
diminution either in the moitahty oi morbidity of scailet fever The effect of 
the fiist municipal fever hospital in Glasgow, opened in 1865, ivas so marked 
m dirnimshing the death-rate from scarlet fever that a second hospital ivas 
opened in 1870 The health authorities, not satisfied ivith these accom- 
modations, because they w ere unable at certain times of the year to give each 
patient 2,000 cubic feet of air space, and because they w ere unable to vacate 
certain wards for six months foi disinfection and renovation, decided to 
purchase land for a third fever hospital, which wms opened in 1900 This 
hospital will accommodate about 500 cases, giving 2,000 cubic feet of air 
space to each patient It is not exclusn ely foi scarlet fever patients, but also 
for other infectious diseases There is a sanitary w'ash-house connected w ith 
it for the use of patients isolated at their homes About 60 per cent of all 
cases of scarlet fever occuiring in Glasgow are treated m hospital In this 
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city there are beds, for patients ill with infectious diseases, foi 9 79 out of 
every 10,000 of the population 

In London the first hospital for infectious diseases under the chaige of the 
Metropolitan Asylums Boaid v as opened in 1871 At present there are nine 
of these hospitals and one large con\alescent home The ratio of hospital 
accommodations for infectious disease is 9 per 10,000 population About 58 
per cent of cases of scarlet fever are tieated m hospitals m London Previous 
to 1888 m Boston there v as no special provision foi the care of patients ill 
with scarlet fever and in 1887 it T;\as decided by the Trustees of the Boston 
City Hospital to erect a pavilion for this purpose At first there were com- 
paratively few applications for admission, but as time vent on the public 
generally began to realize the ad\antage of sending patients to the hospital 
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R*itio of morbidity and ratio of inortalit> of scarlet fe^er in Boston per 10 000 of the population 

from 1SS5 to 1904 inclusive 

After a time this vard became crovded, so that many applicants vere 
refused admission In 1892 it was decided to erect a large hospital for 
infectious discsses, parficularh scarlet feicr and diphtheria, vhich was 
opened m 1895 The efiett on the iiioibidit'\ ratio and mortality ratio of 
scarlet fcier since the establishment of this hospital isshovn m Fig 39 It 
V ill be seen that since 1895 the pre\ alencc of the disease has diminished to a 
A err considerable extent and that the lnortaht^ ratio has also diminished 
The a\cragc ratio of inorbiditA of scarlet fc\er from 1885 to 1894 vas 34 84, 
vhile that from 1895 to 1904 vas 24 08 — a \cr\ considerable diminution 
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Tlie mortality rate for the fiist period was 2 99, while that for the second 
period was 1 91 A large proportion of the patients in Boston who are 
seriously ill with scarlet fevei aie sent to the hospital, but those who have the 
milder attacks aie not isolated and therefore seive as potent faetors in 
causing its spread Notwithstanding this faet, it seems that the isolation 
hospital in Boston has accomplished a satisfactory result in lessening the 
prevalence of scarlet fever About 40 pei cent of the reported cases of 
scarlet fever m Boston are treated m the hospital 

Compulsory notification of scarlet fever originated m England quite a 
number of years ago, and for a time was bitterly opposed not only by the 
laity but also by physicians It was claimed that it interfered with private 
rights and was a source of annoyance to the individual After much dis- 
cussion the Compulsory Notification Act was passed m England, and since 
that time it has been generally adopted by local boards of health in this 
country This regulation has accomplished much in the suppression of 
infectious diseases, but it is evaded m many ways 

The length of time that a patient ill with scarlet fevei should be isolated 
has been the subject of careful study The practice in different countries 
varies very considerably, as, for instance, in Glasgow the time is much longer 
than in England and in this country Some physicians go so far as to say 
that the desquamation is not infectious, but that the contagium of scarlk 
fever is in the discharge from the mucous membranes This is a little too 
ladical an opinion, and is not in accordance with clinical experience There 
IS no doubt that during the active stage of primary desquamation scarlet 
fevei IS infectious There is very grave doubt if the secondary desquamation 
IS infectious 

A second case appearing in a family shortly after the discharge of a patient 
from the scarlet fever wards is always a source of annoyance and frequently 
gives rise to unjust criticism It is very doubtful if a patient who has been m 
a hospital fifty days, who has had innumerable baths and a disinfecting bath 
of coirosive sublimate 1 to 10,000, can communicate the disease Many of 
these so-called “return cases” have been investigated by the writer, and it 
has been found that theie was an intermediate case and sometimes two, so 
mild in their nature as not to attract attention, and that these weie the cause 
of the outbreak of the disease, and not the patient who was discharged from 
the hospital In institutions, where children as a rule are more carefully 
watched for eruptions than m private families, it has been our experience 
that so-called return cases never occur 

At the South Department the average length of time that a patient remains 
in the hospital is fifty days No patient who has a discharge from the nose or 
an abnoimal condition of the throat leaves the hospital Of 3,000 patients 
discharged from the scarlet fever wards, there v as a percentage of 1 74 of 
alleged return cases Investigation failed to show anything abnormal in the 
condition of the indmduals who were sujiposed to be the cause of the alleged 
return cases 

In 1898 the Metropolitan Asylums Board of London commenced a series 
of investigations on this point, made by Simpson^ and carefully conducted 
for SIX months His leport was referred to a committee of the Royal College 
of Physicians, London The conclusions reached were as follows 


‘ Metropolitan Asylums Board — London, Annual Report, 1903 
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“The committee are impressed with the small percentage of those cases 
which, on investigation, were found to give rise to fresh infection, , 1 1 
per cent of the total cases discharged from hospital of diphtheria and scarlet 
fever taken together They also note that of these no fev er than 80 per cent 
v ere suffering from some mucous discharge, either during their stay in hos- 
pital or shortly subsequent to their return home 

“The total number of return cases of scarlet fever was 90, giving a per- 
centage of 1 3 of the total number diseharged In endeavoring to arrive at 
a dehnite conclusion as to the necessary length of detention in scarlet fever, 
there are two points on which elucidation is required, the degree of infectivity 
attaching to (a) the desquamation of the skin and (b) any mucous dischaigc 
occurring during convalescence 

“In respect of the infectivity of the later desquamation of the skin in 
scarlet fever, it is to be observed in Dr Simpson’s investigation that in only 
2 7 per cent vas there any reason to suspect desquamation of the skin as 
the cause of secondary infection The relatively high degree of infectivity 
of the mucous discharges, as compared with the later desquamation of the 
skin in scarlet fever, as shou n in the report, is one which is obtaining an 
increasing support among those of the profession who have had much to do 
with infectious diseases It would suggest that possibly too much importance 
has been hitherto attached to the infectivity of the skin during the later weeks 
of scailatinal convalescence The committee have communicated vith 
the authorities of many hospitals in other large cities in this country, in 
America, and in Germany, and have ascertained that the period of detention 
insisted on is of somewhat shorter duration than is practiced in those of the 
Metropolitan Asylums Board Unfortunately no corresponding record of 
the incidents of return cases is available for comparison Mith that recently 
obtained for the Metropolitan Asylums Board ” 

In many instances the alleged return cases of scarlet fever have no connec- 
tion with the discharged patient It is not an infiequent occurrence for a 
child to be admitted to the scarlet fever A^ards a few houis before his brother 
oi sister IS discharged If these discharged patients had arrived at their 
homes tw^entj -four oi forty-eight hours earliei, as in many instances they 
w ould, if the parents had come for them as soon as notified, the second cases 
w ould ha^ e been considered return cases It is also a significant fact that 
in the majority of the return cases the patients are of the school age and, 
therefore, the possibility of infection other than that of the patient who has 
been discliaigcd is lerj great That the clothing worn by the patient when 
he was taken ill and wliieli was packed away during the staj in hospital 
ma> be a source of infection is extremely probable 

Lauder,^ who takes a verj' decided stand regarding the infcctnity of dis- 
charges from the mucous membranes and docs not pkice so much stress upon 
the contagiousness of the desquamation, sa^s that in 1902 no cases of scarlet 
fe\er A\ere discharged from the hospital until all peeling had ceased, but 
that during 1903 he has acted on the belief that the infection is in the respir- 
ator! tract, that the constitutional condition, and particularly the rash, are 
on!\ the result of toxic products, and that, therefore, the desquamation of 
the skin IS not per sc a source of danger 
He gnes the following tables 


‘ Lancet, March 12, 1904 
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Table I 



1 

i 

Cases 

Notified 

Remoi ed 

Discharged 

Average 

No Causing 

Cases 

Year 

to 

from 

Period in 

“Return” 

Treated 


Hospital 

Hospital 

Hospital 

Cases 

at Home 

1902 

261 

208 

164 

48 days 

7 

53 

1903 

427 

353 

325 

34 days 

7 

74 


Table II 



Discharged 

i 

Average 

Duration 

in 

Hospital 

No Causing 
“Return” 
Cases 

1 Without peeling or complications 

33 

33 

0 

2 Peeling uithout complications 

204 

28 

2 

3 Cases vith complications 

88 

50 

5 

Total 

325 

34 

7 


These tables show that m 1902 the average period of detention in the 
hospital was forty-eight days, vhile in 1903 it was thirty-four days In 1902 
there were 208 patients admitted to the hospital, and there were 7 instances 
of return cases, v hile in 1903 there were 353 cases admitted and 7 instances 
of return cases It is interesting to note that there were no return cases 
V hen there was no peeling or complications , that when there was peeling 
vithout complications there weie 2 instances of return cases, that when 
there were cases with complications there were 5 instances of return cases 
It therefore seems evident, first, that discharges fi om mucous membranes 
in scarlet fever are infectious, second, that the desquamation is also infec- 
tious As a corollary to the foregoing conclusions it may be said that no 
patient should be removed from isolation as long as there is any discharge 
from the mucous sui faces oi as long as there is primary desquamation 
There can be no definite time limit, but the average in the majority of cases 
from the commencement of the initial fever until the process of desquama- 
tion IS completed is about fifty days In certain rare instances, particularly 
in very young childien, the time may be somevhat less 

It IS extremely doubtful if cows are susceptible to scarlet fever, but the 
possibility of milk becoming infected v ith the germs of the disease from the 
hands of a dair-yunan who has a mild attack of scailet fever must be conceded 
Too many epidemics have been traced to infected milk to doubt this It is, 
therefore, incumbent on health authorities when an outbreak of scarlet fever 
occurs to carefullj" examine the dairyman and all persons who are brought in 
contact v ith milk In London the medical supervision of milk farms is very 
caiefully conducted In this country it would be v ell, for the health of the 
community, if the example of London was followed 
Infectiousness of Scarlet Fever —While scarlet fever is extremely in- 
fectious, the degree of mfectiousness is not so great as that of the other 
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exanthemata Smallpox in the unvaccinated is the most infectious of all 
diseases, then in order comes measles, and next scarlet fever The length of 
time of exposure necessary to contract the disease may be very short, as 
cases are on record, the accuracy of which cannot be doubted, in vlnch the 
time of exposure could not have been more than one-half hour Several have 
been observed by the Avriter in ivinch the time of exposure varied from an 
hour to an hour and one-half In these instances, although the patients v ho 
contracted the disease ivere in the same room with cases of scarlet fevei, they 
were not m immediate contact, that is to say, they did not occupy the same 
bed and ivere some eight or nine feet from the scarlet fever patient 
Prognosis — The prognosis depends verj’^ considerably on the compli- 
cations and not on the disease itself, except in the fulminating type In a 
moderately severe attack, provided theie are no complications, the prognosis 
is favorable It is lemarkable how seriously ill a patient may be for foui oi 
five days and lioiv rapidly at the end of this time he will commence to im- 
prove On the other hand a patient ivith an apparently mild attack, if there 
are complications, may succumb to the disease very suddenly The phy- 
sician should always have in mind the possibility of nephritis, the dangeis 
of endocarditis and pericarditis, the chances of a bronchopneumonia, the 
possible occurrence of an empyema or mastoiditis , and it therefore behooves 
him to give a guarded prognosis m every case, be it mild or severe 
Meningitis occurs very rarely as autopsies have shown, but a condition 
suggestive of meningitis does not infrequently occur This is exceedingly 
serious and should always suggest an unfavorable prognosis Few patients 
Avith meningitic symptoms recover 

Uriemic convulsions are always a cause for apprehension About 50 per 
cent of patients in this condition succumb 
Empyema is a very serious complication Only a small proportion recovci, 
and in those who do convalescence is extremely tedious Bronchopneumonia 
and, in a certain number of cases, lobar pneumonia die responsible for about 
22 per cent of deaths, it therefore folloAis that lung complications are of 
great significance 

Endocaiditis and pericarditis, particularly pericarditis, are of the gravest 
import, and then existence is tantamount to the death of the patient Heart 
murmurs, if liremic m their nature, are of no particular significance so far as 
recovery is concerned Chronic heart disease is not uncommonly a result of 
an attack of scailet fever 

Mastoiditis, if not relieved by an early operation, ma'^ cause death by 
extension of the inflammation to the brain 

Age is an important factor in influencing the prognosis The percentage 
of mortality m Aery toung children is high (Fig 40) It aaiII be seen that 
undei one year of age the mortality aa as 33 per cent and from Aa c to six a ears 
of age it AAas onh' G pei cent The loAACst rate, 1 per cent, occurred m 
patients from thirteen to fourteen years of age 

Scarlet feier occurring in the course of acute diseases and in patients on 
Aihom a surgical operation has been performed is sufficient reason for a graAC 
prognosis A aa oman m the puerperal state, if she contracts scarlet fcA er, is 
ahva'vs in a serious condition 

As epidemics Aarv in seAerity no definite rules can be gneii regarding 
prognosis Each case must be judged on its merits ThemortalitA Aariesm 
different epidemics from 4 to 15 AAith an aAerage of S 42 per cent This rate 
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IS estimated on 37,810 cases in Boston during the past twenty-eight years 
Johannsen gives the mortality m Norway in 8^4,580 cases as 14 17 per cent 
Caigei gives the mortality ot 81,350 cases treated m the hospitals of the 
Metropolitan Asylums Board of London as 8 per cent The death-rate m 
the Municipal Hospital of Philadelphia from 1891 to 1902 in 5,213 cases was 
9 72 per cent At the South Department of the Boston City Hospital the 
death-rate m 5,000 cases was 9 28 per cent 


Fio 40 



Treatment — ^This is both hygienic and medical The hygienic treatment 
IS simple It consists m placing the patient m a well-ventilated apartment 
from which all hangings and upholstered furniture have been removed 
Isolation, on which too much stress cannot be placed, must be rigid Only 
two persons should have the immediate care of the patient, — the day nurse 
and the night nurse The physician when making his visits should wear a 
gown and a cap After the visit he should be careful to wash his face and 
hands m a solution of corrosive sublimate The nurses should be careful 
to change their clothing when they leave the patient and come in contact 
with other persons The room should not be overheated, as a high 
temperature renders the patient much more uncomfortable even m a mild 
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attack The temperature should never exceed 65° F in cold n eather In 
warm weather it is frequently impossible to keep the temperature at this 
point The diet should be bland, milk for the first tv o or three v ecks of the 
illness IS the most desirable article The patient, if there is no nausea, should 
be induced to drink a large amount of vater Cracked ice and ice-cream, 
particularly if the anginose symptoms are pronounced, are frequently very 
grateful The bedclothing should be light, as there is nothing that con- 
tiibutes so much to discomfort as heavy coverings There is %ery little 
danger of contracting a cold during an attack of scailet fever The popular 
idea that by causing perspiration the eruption v ill become more brilliant is 
incorrect Recession of the eruption, although it sometimes occurs, is not 
caused by cold, but is a part of the natural history of the disease In short, 
the hygienic treatment may be summed up in these words Make the jiatient 
as comfortable as possible by cooling dnnl\S and a cool, well-ventilated 
apartment 

The medical treatment must be symptomatic The different phases of the 
disease must be carefull} w'atched and untow'ard s}mptoms alleviated by the 
proper remedies There is no know n drug that has a specific action In the 
mild cases no medication is required If there is marked prostration, alcohol 
can be administered in large doses but routine treatment by alcoholic stimu- 
lation IS to be reprobated Stiychnme is a good stimulant in certain casts 
and children, as a rule, bear it very ivell The dose according to age is gn en 
in the chaptei on diphtheria 

If there is marked delirium, morjihia in small doses, according to the age 
of the patient, can be used w ith marked benefit It must be borne m mind 
that children do not bear morphia well, and it should be administered with 
the utmost caution 

The bow'cls should be kept open by mild laxatives Compound licorice 
pow'der is a very good preparation Calomel m small and divided doses is 
often of great ad\antage 

Irritant diuretics should never be used, as the kidneys are alw ays congested 
to a greater or less extent The less that is done in the direct treatment of the 
kidneys by diuretics the better for the patient The patient should ha^e 
large amounts of water Flaxseed tea wull sometimes be more agreeable 
than w'ater Orange flow er w atcr is a good preparation Barley w ater may 
also be taken ^^eak cream of tartar water is frequently very grateful 

If there is swelling of the cervical glands, ice-collars are frequently of 
inaikcd benefit, but tiie> must not be continued for too long a time As soon 
ns there is a suspicion of fluctuation, incision should be made Poultices are 
of doubtful ad\antage previous to incision and of no use after the pus has 
been evacuated In the treatment of cervical adenitis, while it is important 
to have a sufficicntlv large opening for proper drainage, it is well to bear m 
mind that an unnecessarih long incision causes an unsightly scar 

Digitalis, if there is no dilatation of the heart and its action is w eak, may 
be administered with satisfactorv results, but it should be given with the 
utmost care, as m certain cases it mav do more harm than good 

Hvdrotherapv is an efficient method in the treatment of scarlet fever It 
reduces the temperature and calms the delirium hen the temperature is 
above 103° F sponging w ith w ater at a temperature of So° F isfrequcntlv of 
great use Immersion m a bath-tub with the water at S5° F niav also be 
used Children, as a rule, however, bear sponging better than tub baths 
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If the patient bears sponging well, and if the temperature is reduced two 
or three degrees by it, the prognosis is favorable, if, however, the sponging 
causes a chill, and the temperature is not reduced, it is better to omit it An 
ice-cap should always be placed on the head of the patient during the sponge 
bath In patients with a full, strong, bounding pulse and an active delirium, 
the fan bath is often of great use, the patient is wrapped in one layer of 
gauze and the body is then spiinkled with water at a temperature of about 
90° F A nurse stands on each side of the patient and fans him vigorously 
for ten or fifteen minutes The fanning causes the rapid evaporation of the 
water and the temperature is reduced m a marked degree The ice-cap 
should always be applied in these cases The pulse should be carefully 
watched In some instances the water may be of a lower temperature 
While sponging and the tub bath are of undoubted advantage in many cases, 
there are instances in which this treatment does not seem to be beneficial 
Routine practice in the treatment of any disease is not to be advised The 
conditions must be carefully studied in each individual case, and the adoption 
of this line of treatment must be left to the judgment and good sense of the 
practitioner 

The milk pack is sometimes of use A sheet is saturated with milk and the 
body of the patient is wrapped in it, only one layer of cloth being over the 
surface of the body He is then allowed to remain in this pack for ten or 
fifteen minutes The body should not be wiped dry, but the moisture allowed 
to evaporate A cold water pack can be administered in the same way, and 
frequently is moie beneficial than either the sponge bath or the tub bath It 
IS well before giving either the baths or the pack to administer some alcohol 

Inunction with cold cieam or cocoa butter will sometimes reduce the 
temperature to a certain extent Vaseline is not adapted for this purpose 
and cocoa butter is the best agent to use In private practice, during the 
process of desquamation, inunction is advisable, because it limits the number 
of scales of epidermis that would float in the air and diminishes the possi- 
bility of infection The addition of carbolic acid to the substances used for 
inunction does not do any good and, when we take into account the actively 
absorbent condition of the skin in scarlet fevei, it may cause poisoning 
Cases are on record Avhere a very small amount of caibohc acid m cold cream 
used for inunction has been followed by very serious symptoms 

Placing the patient in a cold room at a temperature of 58° F with very 
little bedclothing has been advised The writer has seen satisfactory lesults 
from this method of treatrnent, but it cannot be recommended as routine 
practice Antipyretics are of doubtful advantage In an adult with a full 
bounding pulse and a high temperatuie, phenacetine may be of benefit but 
must be administered with care In children it is to be absolutely prohibited 
Quinine in large doses is of no benefit 

Throat — If the attack is complicated by diphtheria, antitoxin should 
always be administered m substantial doses There is no danger of causing 
trouble with the kidneys by the use of the serum If the angmose symptoms 
are comparatively mild, irrigating the throat with a weak Dobell’s solution 
or a solution of boric acid contributes to the comfort Children will not use 
gargles and sprajs frighten them When the angmose sjonptoms are pro- 
nounced, spraying the throat with diluted peroxide of hydrogen, if it can be 
accomplished v ithout too much resistance on the part of the patient, may be 
ad\ ised Direct applications to the throat by a sv ab saturated with Loeffler’s 
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iron toluol solution is of benefit The swab should be held in contact with 
the diseased parts for a short time Irrigation of the throat w itli a solution 
of corrosive sublimate 1 to 8,000, or with a solution of permanganate of 
potash 1 to 2,000, can be used When there are small gangrenous patches m 
the throat, tincture of iodine may be applied 

Noma — Noma occurs rarely m the course of scarlet fever, but is a com- 
plication of very great seventy Curetting and the application of fuming 
nitric acid may be of use If the process extends, excision may be tried, but 
the possibility of its doing any good is very slight 

Purulent Rhimtis — If there is a profuse discharge from the nose, cleansing 
w itli swmbs of absorbent cotton and the insufflation of calomel are the best 
methods of treatment Irrigation of the nose, on account of the danger of 
causing middle-ear disease, cannot be too strongly deprecated 

Ears — ^The ears should receive careful attention during the w hole course 
It is not sufficient to wxait foi the development of symptoms but the ears 
should be carefully examined ever}’’ tw'o or three days to see if there is any- 
thing abnoimal m the appearance of the membrane 

G A Leland describes three varieties of middle-ear disease occurring m 
the course of scarlet fever, and gives the following directions for incision of 
the drum-head 

“First, the regular sthenic variety, in wdiicli the drum-head is red, some- 
what thickened, w'lth the lustre abolished and the contiguous canal of the 
same appearance This is accompanied by extreme pain , the onset is sudden 
and the bulging occurs earl} Incision of the drum-head should be very free, 
beginning m the low er inferior quadrant, midw ay betw'een the umbo and the 
posterior wall, extending upward three-quarters of the distance to the 
posterior fold and then backw'ard to come out on the external canal When 
the discharge is sufficiently copious to keep the incision open, there will 
probably be little trouble, but when the incision closes there wull be sub- 
sequent earaches w Inch w ill necessitate secondary operations 

“Second, there is a variety of middle-ear m^ohemcnt which is not 
charactenved bi pain, especially in children and w here the only w arning that 
the cars are aftected is a rise m temperature The examination of the cars 
will icveal a drum-head which mat or may not be bulging, but which has a 
macerated look It is thickened, lustreless, the landmarks can only be faintly 
distinguished, the light reflex is absent, and there is only a slight redness of 
the contiguous w all of the bony canal If perforation has not taken place a 
free incision should be made for the sake of drainage not onh of the ttunpanic 
c n itt but for local depletion of the membrane itself, and also, w Inch is to be 
considered a \ei> important point, to insure that the perforation shall be 
at the ])oint of election, nameh , the posterior inferior quadrant Although 
tills \aiict> of drum-head mai be pathologically perforated wathout suficr- 
ing, it is the better practice to incise it in order to limit destruction as much 
as possible 

“Third, this ^^rIct} of middle-ear disease is sub-acute, the drum-head is 
more or less trinsparent and pinkish in color The tympanic plexus of 
^csscls arc \cri markedh filled, streaking down o\er the membrana flaccida 
into the swollen postmanubnal \cssels There is more or less effusion 
present in the ca'Mt^ Tins condition frcquentl} occurs without pain in 
children, ind in adults with onlj a transient earache There is alwa^s a 
slight rise 111 temperature 

\oi. 2 — 24 
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“Incision of the drum-head may be described as follows Special attention 
being drawn to antisepsis, the avoidance of unnecessary destruction and to 
the after care, the auricle and contiguous skin of the scalp and face should be 
thoroughly washed The external canal should be thoroughly washed by 
cotton on an applicator, and a solution of corrosive subhmafe, 1 to 1,000, 
which may be allowed to remain in the canal for fifteen or twenty minutes and 
then removed with sterile wicks Then with a spear-shaped paracentesis 
needle, or a slightly curved bistoury previously soaked m a saturated 
solution of boracic acid m alcohol and allowed to dry, which materially 
assists the vision in the introduction of the sterilized blade into the small 
external canal, the puncture should be made in the lower part of the posterior 
segment of the drum-head, which is almost without exception the most 
promment part, and carried through the membrane only 

“In the third variety ]ust mentioned a small cut through the lower two- 
thirds of the posterior half of the drum-head will be sufficient In the other 
two varieties a large incision is indicated After introducing the point of the 
instrument it should be carried upward and outward two-thirds of the extent 
of the membrana tympani and then backward to the posterior wall, care 
bemg taken to withdraw the point outward far enough to avoid the meudo- 
stapedial joint and yet to completely divide the membrane itself In the 
second variety the membrane being thickened gives the feeling of cutting 
through something having considerable resistance, like the skin of an orange 

“The treatment after incision should be carried out with strict attention 
to surgical cleanliness, and to this end a wick of sterile or corrosive sublimate 
cotton IS introduced gently into the canal to assist the exit of the discharge 
by capillary attraction On the outside of the wick a pad of the same cotton 
should be placed and changed as soon as it becomes wet, the wick bemg 
changed once or twice m twenty-four hours according to the amount of the 
discharge Instillation of corrosive sublimate, one part to three or four 
thousand, may be made to sterilize the external canal and render it less 
liable to secondary infection vhich, m the foim of localized furunculosis, 
may give the patient considerable suffering As long as the discharge con- 
tinues free the incision requires no attention, but if the discharge dimin- 
ishes or stops and there is a rise m temperature and pain a second incision 
should be made 

“In struggling children, in order to insure accuracy, a few whiffs of ether 
or of chloroform sufficient to cause early primary anaesthesia are of great 
assistance ” 

If there is pain and tenderness in the mastoid region, the Leiter coil or the 
Sprague ear ice-bag should be applied If there is not relief at the end of 
forty-eight hours this treatment should be omitted The continued use of the 
ice-bag will mask the symptoms so that a dangerous condition may supervene 
without proper warning An early operation is to be advised in inffammation 
of the mastoid cells The condition of the patient is rendered hazardous by 
waiting until there is marked swelling behind the ear and a great amount of 
tenderness A long continued profuse discharge from the meatus without 
any tenderness behind the ear is an indication for the mastoid operation not 
only for the relief of this symptom but in order that the hearing of the patient 
may be saved 

The choice of the operation must be made in each individual case, based 
on the condition of the patient An early operation has been advised 'in each 
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case occurnng at the South Department of the Boston Citj Hospital and the 
r^ults have been satisfactory, no death having occurred m si\t> operations 
Nephritis —Absolute rest m bed is imperative, the diet should be le- 
strictcd, the bovels receive attention, and warm baths gnen Allusion has 
been made to the importance of forcing liquids as a part of the routine treat- 
ment Fomentations over the region ot the kidne 3 's are frequently of benefit 
When there are tn itchmgs of the muscles, delirium and stupor, a hot pack oi 
a narm bath should be gnen A warm bath is perhaps more satisiactory 
Vapor baths arc of adiantage but the hot air bath very raid} does anj good 
The pack can be given m the following way The patient is wiapped in a 
blanket which has been wrung out of water at a temperature of 100° F A 
dry blanket is placed oyei this and then the patient is covered w ith rubber 
cloth The patient should ha\e an ice-cap applied duiing the time that he is 
m the pack It must be borne in mind that the skin of a patient ill w ith 
scarlet fe\er is extremely scnsitne to heat, and therefore care must be exer- 
cised not to have the temperature of the w'ater above 100° F If convulsions 
supervene, resort must be had to ether carefull}' administered Pilocarpine 
IS of doubtful advantage and should rarely be given to children Nitro- 
glycerine m rare instances, in doses of gr sio, may sometimes be of use A 
saline infusion is frequently followed bj' a relief of the symptoms The 
intrayenous injection of salt solution has sometimes been followed bj^ satis- 
factory results Venesection has been advised previous to the intravenous 
injection It is doubtful how much good hj'drate of chloral, by the mouth or 
by the rectum, has accomplished m the convulsive seizure The writer has 
not seen any advantage fiom its use in children jMoiphia m small doses 
hypodermically may control the conv’ulsive movements, but it has no eflect 
on the condition of the kidneys If there is suppression of urine, if the 
quantity is diminished to a considerable extent, even if there are no tonv ulsiv e 
movements, the hot pack and the injection of the normal salt solution should 
be immcdi itcly resorted to It is better to vv ard off the conv ulsions by the 
method of treatment just described than to vv ait until the more pronounced 
symptoms of uramua are m evidence 

The after treatment of nephritis consists of a careful regulation of the diet 
and the administration of iron Eisenzuckcr and Basham’s mixtures are 
satisfaetor) preparations Rheumatic fever occurring in the course of scarlet 
fever must be treated by the usual remedies, but a differentiation must be 
made between this condition and arthritis due to streptococcus infection 
In this latter condition gaultherium applied to the painful parts is of benefit 

Tliere is no special treatment for the heart and lung complications An 
early operation m cases of empyema is advisable 

Serumtherapy — ^The treatment of scarlet fev er by antistreptoc occic scrum 
has not, so far, been productiv e of much good In a marked septic case of the 
disease, with a profuse nasal discharge, cultures from which show the 
presence of streptococci, the antistreptococcic scrum may be used as a last 
resort In the experience of the writer the scrum has not seemed to do any 
good, although there is no evidence that it has done any harm It is, there- 
fore, advi‘=ablc to administer it 

Until it can be absolutely settled that streptococci are the cause of the 
disc ISC and until there is a definite w iv of differentiating the v metier of 
streptococci, the subject of serumtherapy must remain in abeyance 
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Escherich and Moser, m the Annakmderspital at Vienna, since 1902 have 
had remarkable results in the serum treatment of scarlet fever The dose of 
the serum is quite large, being 200 cc , but no injurious results have been 
noticed Shaw says that the mortality average m this hospital was 14 5 per 
cent for four years before the serum treatment was adopted, and that since 
its use the average mortality rate for four years was 8 per cent He also says 
that for the same period m other scarlet fever hospitals m Vienna the mor- 
tality when the serum was not used averaged 13 1 per cent According to 
Shaw, Moser employs the following method in the preparation of the serum 
“The horses receive injections of bouillon culture of streptococci direct 
from the child Up to the present time he has isolated nearly thirty difterent 
types of streptococci, and as he injects them all his serum is a true polyvalent 
one He has also shown that these stieptococci differ from those found in 
the other streptococcic diseases of man, such as erysipelas, etc When 
sufficiently potent, the serum, in a dilution of 1 to 250,000 should agglutinate 
the streptococci ” At the present time this serum cannot be obtained in tins 
country, as it is prepared only at the Vienna Serum Institute, therefore we 
cannot state, from experience, anything regarding its efficacy 
The injection of the serum of the blood of convalescent scarlet fever patients 
has been tried m the treatment of severe attacks A sufficient number of 
cases are not on record to justify any opinion regarding the efficacy of this 
method On general principles, however, it is extremely doubtful if any 
benefit can be derived from this treatment 
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MEASLES —RUBELLA —THE FOURTH DISEASE —ERYTHEMA 

INFECTIOSUM 

By JOHN RUHR\H, M D 
MEASLES 

Synonyms — Latin, morbilh, German, Masem, French, rougeole, 
Italian, rosolia, Spanish, sarampion 

Definition — hleasles IS a specific infectious disease characteriYed by 
extreme contagiousness, feicr, catarrhal symptoms, both prodromal and 
during the height of the disease, a characteiistic early eruption in the mouth 
— Kophk spots — and later by a charactenstic enanthem and exanthem 
and a branny desquamation during convalescence 

HlStoncai — hleasles is mentioned by the older wnters, notably by 
RhaYCS, but until the time of Sydenham it was confounded both with 
scarlet fe\cr and smallpox Sjdenham gave a concise, accurate description, 
w'hilst Borsicii, Willan, and others, ha\e given excellent accounts of the dis- 
ease The aiticlc by Rilhet and Barthez and by Barthez and SannCe, in the 
last edition of their work, is one of the most instructive Much of our know 1- 
edge IS derived from the studies of Panum, wdio had unusual facilities for 
obser\ing measles in a community where the disease had not been seen for 
sixt>-fi\c ^ears This was in the Faroe Islands where, from 1781 to 1846, 
there had been no measles In the latter year the disease was introduced 
from Copenhagen and o^cr 6,000 of the 7,782 inhabitants were stricken In 
1775 it was introduced into the Sandwich Islands and in four months 40,000 
of the population of 150,000 died Pandemics ha\e pre\ ailed m Europe 
sc^cral tunes, notably in 1834-36, wdien all northern and middle Europe 
was afiected, and 1842-43 when the disease sw'ept o\er Russia, Germany, 
Switzerland, France, and Holland 

Etiology — ^At present measles is the most w ideh spread mfectious disease 
It IS found o\er the entire w orld, uninfluenced by climate or weather, except 
tint it is shghth more preialcntin cold weather, which is probably due to 
]ieo]ilc being moie crowded together and so gning greater opportunity for 
inftetion Tlie disease is alwais present in the larger cities, but from time to 
tune epidemics of more or less Mrulence occur Tliesc are the result of in- 
creased Mruicnee of the disease or lessened resistance of the inhabitants, or 
in some instances of a new set of children liaMiig grown up Now and then 
1 pandemic sw eeps o\ er the countr\ Susccptibilit> is a er\ great and few arc 
naturalh iminune Tiie susceptibility seems to a ary from time to tune, as 
indniduils mu be exposed in one or more epidemics and not take the 
disc ISO, and then be infected by a subsequent exposure Few people escape 
infection jicnnancntlj This is y\ell illustrated in three epidemics in the 
Faroe Islands 
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Hori’s Table Showing the Extheme Susceptibilti to Measles 

From Jurgensen 



Number of inhabitants 

Attacked by measles 

Number unaffected 

Those remaining unaffected 
lived — 

Epidemic of 184G 

In 18G2 or at some 
other time 

Epidemic of 1875 

In the same house with 
measles patients 

In house where no 
measles patients lived 

Thorshavn 

930 

417 

1 

50G 

G 

1 

5 a 

Vestmanhavn 

315 

111 

22 ' 

139 

43 



Kollefjord 

223 

92 


120 

11 

1 

10 6 

Sand'naag 

IGG 

35 

2 ^ 

117 

12 

5 

7a 

Total 

1634 

655 

25 

882 

72 




a — In 3 separate houses 
b — In 5 separate houses 


Measles is transmitted by direct contact in nearly every instance It is 
probable that the disease may be transmitted by a third person, orbyfomites, 
especially if the time elapsing is not very great, but it is rare for it to be con- 
tracted from apartments pieviously occupied by measles patients Tlieie are 
numerous instances where families with susceptible children have moved into 
rooms in v Inch measles patients had been living and there was no infection 
If two weeks have elapsed it may be regarded as safe even if the rooms 
have not been disinfected 

The disease apparently can be earned a short distance through the air It 
IS veil known how difficult it is to isolate measles patients unless a sepal ate 
open air space intervenes Instances have been reported where a child has 
taken measles from a patient on the other side of the v ard, with no apparent 
means of the disease hai mg been transmitted othenvise than through the air 
The exposure has been as short as half an hour In Grancher’s wards in 
Pans, where special studies have been made to determine the transmissibihty 
and the possibilities of preventing its spread, it was found that the infection 
of measles could be reduced two-thirds, but could not be prevented altogether 
It would seem that the contagion varies in lurulence, some epidemics being 
ven^ widespread and others more or less limited, under essentially the same 
conditions 

The disease is most frequently tiansmitted through schools A child in the 
preemptive stage can transmit the disease to an enormous number of others, 
which explams the outbreak of a large number of cases on nearly the same 
day Children’s parties are another frequent source of infection A child 
admitted to a children’s hospital or orphan asylum ma}^ infect nearly every 
child in it during the one or more days of the preemptive stage 

The disease may be transmitted from the time of the first catarrhal symp- 
toms and possibly before, until after desquamation The infectiousness is 
very marked early, probably greatest about the time the eruption is coming 
out and from then until it reaches its height When the eruption begins to 
fade the danger of transmission diminishes, and during the stage of desqua- 























MEASLES 


375 


mation is but slight Some doubt the possibility of transmission during 
desquamation and this is a point which cannot be regarded as definitel} 
determined Until it is, the safer course is to regard the disease as tiansmis- 
sible at this stage Sporadic cases arc occasiomdly seen in places where the 
remainder of the inhabitants are immune oi live m isolated houses 

Immuiuty — Natuial immunity is not common, neail^ e\eryone being 
susceptible to the disease Nursing infants, especially under five months of 
age, enjoy a more or less perfect immunity and though closely associated 
with measles do not often contract it Instances ha\e been reported where 
the infant sucked the breast of a woman with measles without infection 
After about one year of age and from that upw'aid, the susceptibility is great, 
and the non-susceptibihty of older individuals is to be explained largely by 
the immunity wdiich they have acquired through having had the disease 
The immunity caused by measles is complete and lasting, second attacks 
being very rare Panuin in his large expenence did not report a single in- 
stance, and Baithcz and Sanntc repoit but three hl.uschs colleeted a 
hundred and six undoubted cases, of w Inch three w ere supposed to have had 
three attacks The wTitci has seen one instance of a child having two 
attaclcs five years apait 

Congenital measles has been repoited a numbei of times “A pregnant 
W'oman who contracts measles may communicate the disease to her unborn 
child ” The child may be bom w’lth the rash m the same stage as that of 
the mother, or in the catai rhal stage and the rash may come out later A 
Ballantyne has collected 20 cases of congenital measles He suggested that 
infection was simultaneous, as the eruptions in both mother and child 
corresponded Gibson has reported an interesting case of antenatal measles 
The child w as the third and the labor noi mal At bii th there w ere red spots 
on the buttocl^^ and the next day there w as a tj pical measles eruption The 
tw'o other childien contracted measles eight months latei and at that time the 
third child was unaflccted The mother had measles w'licn a child 

Inoculation Experiments — hlcaslcs has nevei been tiansmittcd to 
animals, even Giunbaum’s experiments with monkejs and a chimpanzee 
apparently yielded negative results A large number of reports have been 
made of liiiinm inoculation with nasal mucus, blood, scrapings of skin, and 
tissue juices, but foi the most part, whilst in the mam successful, natural 
infection has not been excluded Hektoen has apparently fulfilled the re- 
quirements by excluding infection by ordinary means Under strict aseptic 
precautions he drew blood from the veins of a measles patient and with this 
inoculated flaslvs of ascites broth This mixture was kept for twenty-four 
hours at 37° C and at the end of this tune the fluid vv as apparently sterile 
Four cubic centimeters of the mixture (50 cc of ascites broth and 3 cc of 
blood) vv ere injected into a young man On the thirteenth daj there vv as a 
temperature of 103° F , and on the following daj the eruption appeared 
There were no catarrhal svinptoms in this patient In a second case svmp- 
toms began on the eleventh dav and the eruption appeared on the fourteenth 
Pathology — Measles toxremia rarclj causes death, and the fatal cases 
arc alwavs complicated vvath other lesions, the most frequent being pneu- 
monia, colitis, and nephritis Some authorities, notablv Henoch, state that in 
even f ital eiso of measles patches of pneumonia can be demonstrated 
I he changes m the mucous membranes and the skin are the most striking 
features of the disease Unna describes the changes in the skin as a spastic 
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condition of the bloodvessels The ducts of the sweat glands are oedematous 
and the lymphatics distended, but there is no cellular exudate There is no 
mitosis durmg the inflammatory stage, but karyokmcsis may be demonstrated 
durmg desquamation Catrm has described the changes as an infiltration of 
the slon with a sort of colloid matenal Inch eventually leads to coagulation 
and subsequent desquamation of the dead epidermis Others desenbe some- 
what similar changes, and include cellular infiltration as well The changes 
m the mucous membranes are of the nature of a catarrhal inflammation 
Every mucous membrane m the body may be affected, but the most marked 
changes are m the conjunctivie, nose, mouth, throat, larynx, traehea, bronchi 
and lungs Focal necroses have been described m the liver 

Incubation — ^This is variously stated as one counts from the appearance 
of symptoms or to the appearance of the eruption Symptoms appear fiom 
nine to eleven days, and the rash quite uniformly on the thirteenth or four- 
teenth day after infection 

The Prodromal Eruptions — ^The prodromal rashes of measles have 
received but scant attention Thuisfield has called attention to a scarlatmi- 
form and sometimes to a papular rash appearing twenty-four hours before 
the regular eruption J D Rolleston has made a careful study of the subject 
and found prodromal rashes m 30 cases, or 42 8 per cent , of all observed 
The day of the appearance of the rash was 22 on the first, 3 on the second, 4 
on the third, 9 on the fourth, 3 on the fifth, 2 on the sixth, and 1 on the eighth 
day In 18 cases the rash appeared on the same day as the catarrhal symp- 
toms The character of the prodromal rash varies In 10 cases it was a 
blotchy erythema, m 9 an urticaria, in 9 scarlatmifoim, and m 1 a arcinate 
erythema The eruption was on the trunk in 28 cases, behind the ears in 15, 
on the limbs m 14, on the face m 4, and on the neck m 2 Theie was no 
evidence of irritation, and m all cases the rash was transient 

Symptoms and Course — After infection there is an incubation penod, 
generally of ten days, m which there are no veiy appaient changes The 
general health is good and as a rule the child does not complain A loss of 
weight begins on the fourth or fifth day after infection according to Meunier 
There is also a leukocytosis durmg the incubation Slight changes of tem- 
perature have been observed but are not constant, and there is no leason to 
believe that they are of necessity a manifestation of the incubation period 
Prodromal rashes are neither constant nor charactenstic Malaise, depression 
of spiiits, and drowsiness, have been noted, but these are inconstant and fre- 
quently absent There is nothing, unless it be a loss of weight and a leu- 
kocytosis together, on which one could base even a tentative diagnosis of 
measles Of course the history of exposure is of yalue, but it is often un- 
obtainable 

The symptoms may be divided into three stages the period of the 
invasion or catarrhal stage, the period of the eruption, and the period of 
desquamation 

The period of invasion is ushered m by numerous symptoms, which make 
a tentative diagnosis probable if a pieinous exposure suggests measles 
About the ninth or tenth day after mfection the child becomes listless and 
drowsy The drowsiness is such a constant feature as to be regarded by 
some of the laity as almost pathognomonic The child is languid, does not 
wish to play and seems depressed The appetite is poor or lost, and if the 
child IS old enough to describe the symptoms there is complaint of headache. 
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dull} sensations, and of feeling tired Tlicrc ma^ be slight or high fe\ er On 
this 01 the follo^^ ing day marked catarihal s^anptoms appeal , the con]iincti\ .e 
become m3cctcd and slightly reddened, there is coijza ^^lth sneezing, the 
till oat IS slightly reddened, and there is some cough and often hoarseness 
These symptoms increase m intensity, and after tliice or four days the child 
has inflamed and swollen conjunetnai A\ith usually more or less lathi>- 
mation and some photophobia The coryza is intense and there is a se\ere 
bronchitis and frequently hoarseness In some cases these s\anptoms arc 
mild and there is but little fever, nlnlst m the sci crest cases the child is 
extremely miserable and may be completely prostrated The eruption is 
first 1 isiblc in the mouth and then appears on the face about the margin 
of the hair and spicads as described abo\e The tempeiaturc may diop 
aftev the rash makes its appearance or continue for a day or t\\ o longer 
The symptoms aie usually most intense about the height of the lash, as it 
fades they lessen, and by the time the rash has faded the child feels fairly 
comfoi table 

The l'^ mph nodes all over the bod^ become enlarged, particularly the post- 
ed Mcal and postauiicular ones, but this may in some cases be wanting 
They rarclv attain the size seen in rubella The spleen is usually slightly 
enlarged Heim has called attention to the odor of measles, which he likens 
to that of freshly plucked goose-feathers It is ver^ perceptible m a w ard full 
of measles patients, but is too faint to be detected by the ai erage nose m 
isolated cases It is a sweetish, hea\y odoi suggestne of sickness 

KopUk Spots — ^Thc most valuable recent contribution to measles has 
been made by Kojilik The rash had been noted in the mouth and excellent 
dcsciiptions of the spots gnen b^ Filatow, Fhndt, Reubold, and Bohn, but 
they apparently did not appreciate their significance Kophk’s’ original 
description cannot be improicd upon “If we look m the mouth at this 
period (iinasion), we see a redness of the fauces, perhaps, not in all cases, 
a few spots on the soft palate On the buccal membrane and inside of the 
lips, we m^arlabh sec a distinct eruption which consists of small, irregular 
spots, of a blight icd color In the centre of each spot there is noted, in strong 
dax light, a minute bluish -while speck These icd spots, w ith accompanying 
speck of bluish-whitc color, are absolutely’ pathognomonic of beginning 
measles, and when seen can be relied upon as a forerunner of this eruption 
No one has, to mx know ledge, called attention to the jiathognomonic nature 
of these small bluish-xi lute specks and fhcir background of red, irregularly 
slnjicd spots They cannot be mistaken for sprue, because thex arc not as 
huge nor as w lute as sprue spots These specks of bluish-w lute surrounded 
bx a red area are seen on the buccal mucous membrane and on the inside of 
the lips, not on the soft palate Sometimes onlx a few red spots xxith this 
central bluish-white point max exist — six or more, and m marked cases thex 
mix cox cr the XI hole inside of thebuccil mucous membrane If these bluish- 
w lute specLs on a red sjiotted background arc at the height of their dex clop- 
nunt, thex ne\er become opaque, as sprue, and m this respect, when once 
s( en, are di ignostic, nor do thc\ exer coalesce to become plaquc-likc in form 
'Fiiex ri'taii! the punctate clianetcr ” 

“ riu eruption pist described is of greatest xahic at the xerx outset of the 
disc ase \s the skin t ruption begins to appear and spre ids, the eruption on 

’ Irc/nus e/ P((f! 0 ?ncv xol xiii , Xo 12, pp OIS to 020 
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the mucous membrane becomes diffuse and the charaeters of a discrete 
eruption disappear and lose themselves m an intense general redness When 
the skin eruption is at the efflorescence, the eruption on the buccal membrane 
has lost the character of a discrete spotting and has become a diftuse red 
background with mnumeiable bluish-Avhite specks scattered on its surface 
The mucous membrane returns to the normal appearance long before the 
eruption on the skin has disappeared ” 

In forty cases in which care was taken to look for ICophk spots they were 
found m 38, or 95 per cent The spots were noted at the very beginning of 
the eruption in 13 cases, twelve hours before the eruption in 4 cases, 1 day in 
9 cases, 2 days m 5 cases, 3 days in 6 cases, and 4 days m 1 case As a general 
rule the spots can be seen in 95 per cent of the cases of measles, and 
usually one to two days before the eruption appears on the skin If care is 
used they may sometimes be seen mueh earlier These spots cannot be seen 
by ordinary artificial light and are difficult to see except m strong daylight 
Of their diagnostic value there can be no question, and practically all ob- 
sen'ers areagreed that they are pathognomonic of measles Theyarenot seen 
m German measles nor in other diseases O Muller is one of the few writers 
V ho does not place much value on the spots He claims to have found them 
m 50 per cent of his Geiman measles cases Koplik spots when once seen 
are easily recognized They should not be confused with thrush or aphthops 
ulcerations, nor should the opening of Steno’s duct be mistaken for one They 
are of great value in the eaily diagnosis with a view to preventing infection 
Prompt isolation on their discovery may prevent many cases 

Fhndt has given the best description of the eruption m the mouth, which 
has been quoted by Juigensen, from whom the following is condensed On 
the first day of the fevei there is a slight diffuse ledness of the mucous mem- 
brane On the second day there is considerable redness and injection of the 
pillars of the fauces and of the tonsils Toward evening there may be 
slight swelling of the tonsils Theie is also an eruption of round, some- 
what irregular light-red spots just above the surface, varying in size 
from a pin-head to a lentil, partly isolated, partly m irregular coalescent 
groups Tinj whitish, shiny raised points can be both seen and felt These 
aie also seen in the conjunctiva On the third day the mucous membrane of 
the mouth is normal in color except for the previously described eruption, 
which covers all but the antenor third of the hard palate and is also seen in 
the cheelis between the upper and loAver molars The spots on the con- 
junctiva are obscured by redness At this point the eruption appears on the 
slan On the fourth day the spots are thicker and coalescent and the 
eruption on the conjunctwa can no longer be seen On the fifth day of fever 
the eruption is more distinct, extends to the inner and even outer surface of 
the lips, and is seen indistinctly on the gums On the sixth day the eruption 
has disappeared and there is a diffuse redness of the palate and cheeks The 
rash m my experience often persists much longer than the sixth day of fever 
The course of the eruption in the mouth, as on the slan, A^aries greatly, and no 
set descnption will cover all cases 

The eruption occurs on all the mucous membranes Gerhard has de- 
scribed it upon the larynx, trachea, and bronchi It has been noted on the 
mucous membranes of the intestine, genitalia, and bladder 

The Exanthem — “The symptoms increase until the fourth day, ivlien 
(although sometimes a day later) little red spots, just like flea bites, begin to 
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come out on the forehead and the rest of the face They increase in size and 
number, group themseKes in dusters, and mark the face ^Mth largish red 
spots of difterent figures” (Sydenham) The eruption usuall} appears on 
the third, fourth or fifth day after the catarihal sjTnptoms begin It may 
come out on the first day after the beginning of sjTnptoms, oi be delaj ed as 
late as the tenth In rare atypical cases the rash, it is said, may be absent 
entirely Variations in the appearance of the rash aie more frequent in 
young children 

The rash appeals first on the temples, tlie forehead about the edge of the 
hair, and back of the eais, as small red spots These are seen a little later or 
even at the same tune scattei cd over the bod}', both back and front, and at this 
tune there is often a mottling or marbling of the skin as if the eruption were 
beginning deep down There may be at the start irregular crescentic patches 
The eruption consists of minute pin-liead sized papules, slightly delated and 
as a rule easily felt These are grouped sooner or later in ciescentic patches 
about a centimeter m length The rash spreads from one part of the body 
to another, the face being first affected, the eruption ean be seen on the scalp 
and then spreads over the back, vvnsts, and forearms At this- time the 
small scattered spots are seen on the legs The rash spreads rather rapidly 
downward until the palms of the hands and the soles of the feet are affected 
The flexor and extensor surfaces are affected about equall} The rash in 
some places is so thickly set that it forms continuous red patches, as is frequent 
on the face and upper part of the chest The extent of the eruption vanes 
consideiably and some have but a few blotches whilst others may have the 
entire body almost uniformly cov ered The skin is really nev er affected m its 
entirety, and, even v\ here the rash is most maiked, normal skin may be made 
out by pressure or by stretching it 

The earlier spots arc of a rose-red color and rather blight The eruption 
later becomes somewhat the coloi of a purple raspberr} and has a character- 
istic tint, becoming somevv hat darker as time goes on until it is nearly a port- 
VMiie color or the shade of a purple birth-mark After several da}s it fades 
rather quickly, leaving purplish brown spots which in a dav or two become 
faint V ellow ish-brown in coloi The slight pigmentation persists from tw o to 
three weeks The eruption fades about in the order it appeared, and may 
begin to disappear from the face before it has fully developed on the feet and 
ankles 

The small papules arc sometimes surmounted bt a tiny vesicle, whilst m 
others there is inerclv a small elevated point In some cases the papules are 
larger and have a distinct shottv feel like smallpox, rendenng the diagnosis 
difficult Small petcclme arc common in some cases, particularlv about the 
vv lasts and ankles Thev are seen in about o per cent , and arc easilv pro- 
duced bv slight bruising or pinching a fold of skin betw een the fingers This 
should not be mistaken for a hemorrhagic rash A distinctlv hemorrhagic 
rash, w here there is hemorrhage into or about the great majontv of the spots, 
is not verv common It occurs in the severest form of the disease and is 
spoken of as black measles ” Coming on carlv, as the eruption appears, 
It IS nearlv alwavs the sign of a fatal issue Vlicn it appears later the prog- 
nosis IS not so hopeless, although alwavs grave 

There aie manv curious anomalies, thus the eruption ma'v remain incom- 
pUulv developed and give the appt irance of being deep in the skm It 
in IV run an cxtrcmelv rapid course or be undulv prolonged It mav fade in 
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an irregular manner, remaining longer on the face or elsewhere than m ould 
be expected Theie may be free perspiration in many cases whilst in others 
there is a considerable itchmg, the slan being broken and ecchymotic spots 
caused by the scratching 

The rash varies in appearance from many causes It is made more intense 
by the patient being m a warm room or a waim bed, and it is sometimes the 
custom to increase the amount of bedclothing and make the room unduly 
warm m order to “bring out the measles ” If the rash is not definite it may 
often be brought out by a Avarm bath, as is sometimes done for diagnostic 
purposes Exposure to cold will contract the skin arterioles and cause the 
rash to fade, as is frequently seen m dispensary practice when a child is 
brought from a w'arm room to the dispensary on a winter day Tlie rash 
may be almost entirely obliterated, especially early m the disease An- 
other cause of the rash fading is heart failure This rarely happens fiom 
the measles toxin alone, but may frequently be seen v itli severe complica- 
tions The laity say that the “measles has struck in,” and it is regarded as 
a very bad omen When the fadmg is due to heart failure this is true, and 
stimulation is indicated 

Sometimes a pemphigoid eruption is seen duiing the course or later and 
this may occur about the fifth or sixth day w'lth a rise of temperature and 
marked constitutional symptoms There are large flat vesicles, often filled 
with thin pus and sometimes bloody serum Slow recoveiy may take place, 
or the patches become gangrenous and death follow Theie may at the 
same time be other septic complications such as pericarditis, endocarditis, 
pleurisy, and arthritis Sometimes an occasional bulla is seen, without the 
giave prognosis of the pemphigoid form Gangrene of the skin or of the 
genitals may folloAv measles Ecthyma, furunculosis and impetigo contagiosa 
are often mentioned m connection with the rash, but belong propeily to com- 
plications Machold has desciibed a curious post-measles eruption Four- 
teen days after the attack the entire body w'as covered with a bluish, maculai 
eiuption lasting three days, w^hich w^as folloived by slight desquamation 
There was no nse of temperature, no constitutional disturbance, and no drugs 
had been given 

Desquamation follows nearly every case of measles but may be so slight 
as to escape detection If the skin is thoroughly cleansed daily and oil or an 
ointment applied, the eiuption is scarcely noticeable The usual desqua- 
mation consists of small bran-hke scales, and lasts from one to tivo wrecks or 
occasionally longer 

hleasles AVithout an exanthem is an anomaly wdiicli on good authonty is 
said to be occasionally met wnth Embden claims to have seen 20 in an epi- 
demic of 461 cases Thomas and Rilliet also claim to have seen it The 
diagnosis is allowable only m an mdiindual wdio has never had measles and 
who, during an epidemic, wnth ample oppoitunity for exposuie,has a diseased 
condition resembling measles in all particulars except the failure to have the 
skin rash Some may be explained by measles wntli a rash of short duration, 
an anomaly much more frequent than the absence of rash entirely 

Anomalous Oases — ^Tliese are frequent, thus the disease may be slight, 
W'lth feiv or no svmptoms, little fever and a light ei uption, or the lash may be 
quite pronounced, or any of the more noticeable symptoms may be absent 
Thus one patient may be seen without any conjunctivitis or photophobia, 
and another with little or no bronchitis On the other hand any or all 
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symptoms may be very intense cither at the outset or at the beginning of the 
eruption Theie may be evtreme headache vith photopliobui suggesting 
meningitis, or con's ulsions at tho onset, or intense drowsiness amounting 
almost to coma Epistavis and other hcmorihages ma-v' occur especialh on 
the third or fourth day Catarrhal symptoms of a most intense giade ma-^ be 
present and bronchitis so sesere as to cause alaim There may be crou]iy 
attaclvs or intense hoarseness -si ith symptoms like pharj-ngcal diphtheria In 
some instances false membranes may form in the larj n\, due to streptococci 
or staphylococci, wdiich may cause obstructive symptoms so severe as to 
reqime intubation Neurotic children and those who haie had whooping- 
cough may have an intense spasmodic cough rhfficult to contiol Occasion- 
ally there may be joint pains and even arthiitis with efiusion 

MaUgnant Measles — ^Tho disease may at times be of a particularly 
malignant type This may be manifest from the onset oi become so at the 
stage of eiuption The malignancy in some instances is manifested by 
lijqierpyreMa The child may ha^e a continuously high temperature which 
suddenly goes up to 107°-109° P and death ensues w ith no other s^ injitom 
of note Another form is the hemorrhagic or “black” measles, in which, 
usually at the onset of the eruption, there aie hemorrhages into the skin as 
well as epistaxis and other heinoirhages Tliere may be high fc\er with 
intense prostiation, and death may be caused In hemorihage oi the intensity 
of the toxfcmia In other malignant cases there are sei ere symptoms, head- 
ache, lomiting, diarrhoea, liigh fever, a weak rapid pulse, often hemorrliage 
and intense nervous features, con\ulsions or coma, and death 

Temperature — ^Tlns docs not follow any very definite course although 
usually there is a great similarity The temperature charts of nearly a 

Tio 41 



tempO'-nture rlinrt — Cn*=o of inodento rather abrupt n‘-<' at iK'^’inninp 

of emptjon observation 

hundrcxl show the follow mg facts Vs a rule there is no fc\ er during the 
mcub ition period VV ifh the ons( t of the c itarrli \1 s-v injitoms the temperature 
begins to nse and rt iche> 100° or 101° P m the c\cning The following 
moniing it f ills as a rule, although it m.n remain the same or cnen go higher 
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The temperature nses every evenmg to remit slightly on the following morn- 
ing until the third or fourth day, when 104° or 105° F is reached With the 
appearance of the rash the temperature falls slightly and dunng the next few 

Fig 42 



Measles temperature chart — Showing sudden fall at the appearance of the eruption 

Personal observation 

days IS lower and lower each morning with a slight increase in the evening until 
normal is reached This in uncomplicated cases seems to be the most general 
course It not infrequently happens that, at the beginning of the symptoms, 
there is a sharp rise to 103° or 104° F and then after several hours a fall to 
normal, then following the regular nse just descnbed In exceptional cases 

Pig 43 



Measles temperature chart — Showing a complicating pneumonia coming on after the temper- 
lature had fallen to normal Such a temperature can always mean a complication 

it may nse suddenly at the invasion and remain high with slight morning 
remissions until the eruption appears Another common occurrence is a 
sudden drop in the temperature mth the appearance of the rash The tem- 
perature mav fall to normal, below it, or to 100° F or thereabouts In some 
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there is no subsequent nse of any importance, in others the temperature may 
nsc to 102° or 103° F and tlien fall during the next ti\o or three days 
Any sudden nse in temperature a day or ti\ o after the eruption is out may 
be regarded as an indication of some complication If the temperature 

ria 44 



Measles temperature chart — Mild case Personal obscrtation 

remains high for more than a day or two after the eruption has made its 
appearance it indicates the same thing In the majority the complication 
nllects the respiratory tract, and the lungs should be examined \Mth especial 
care Otitis media is anothei and a frequently oierlooked cause oi high 
temperature 

PiQ 45 



Mcidci femticrature cl art — PliotvmK initial ri'c and fall Personal ob'cnation 

Blood Tileston has m itle an interesting study of the blood in measles 
There is a It iikocitosis beginning eirh in the penod of incubation, rt aching 
Its niaxiiiiiim si\ dT\s before the appe.iraiKL of the tniption and 1 i‘'ting into 
flu !ir>f {lart of flit *'fagt of invasion During the 1 itfcr p irt of the st ige of 
invasion md the beginning of the eruptive stage the leiikocvtes fall to normal 
or there niav be leukopenia Duniig this period a Icukoolosis means some 
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complication, although complications may exist without any leukocytosis 
Difteiential counts showed that the polynucleai neutrophiles are mcieased 
during incubation, invasion, and eruption, fall to below normal at deferves- 
cence and reach normal m convalescence The lymphocytes aie decreased at 
first but increased after the crisis The large mononuclears and transitionals 
are normal at first but increased in the later stages Eosmophiles are de- 
creased durmg the eruption but mcieased later Myelocytes are present m 
small numbers duimg the eruption The normal leukocyte count is 
generally reached at the fifth day of the eruption 

The study of the blood has some value m diagnosis between scarlet fevei 
or measles In scarlet fever theie is a leukocytosis As regards prognosis 
from the blood examination it is stated that if more than half the leukocytes 
are absent the prognosis is bad If there is but a slight diminution the out- 
look IS good The blood findings may be so altered by complications as to 
be of little value either m diagnosis or prognosis, a point which should be 
borne constantly m mind 

The Unne — Albuminuria is usually piesent during the febiile period, 
but nephntis is rare The diazo reaction is found m about SO per cent of 
the cases It comes on with the eruption and attains its maximum intensity 
with the height of the fevei It may be present half a day before the exan- 
them appears, and disappear with the fevei, but in some instances peisists 
as long as five or six daj^s after the temperature is normal 

Oomplications — ^These are frequent and very important It is some- 
times difficult to diaw the line between symptoms and complications, but 
in general this offers no real difficulty Almost every case of measles presents 
a complication of some land Barthez and Sann6e, m 1,621 cases found 
1,044 with complications 

Eye Oomphcations — Injection of the conjunctiva and usually a distinct 
conjunctivitis, which occasions a certain amount of photophobia, and often 
blepharospasm, always occur If the child is kept m a darkened room and 
some mild antiseptic eye vash applied frequently there is gen ei ally no 
fuither trouble Schottehus studied the bacteria present, and found that the 
staphjdococcus aureus was the most fiequent organism The inflammation 
may extend to the lachrymal gland Hordeolum (sty) may be present -and 
blepharitis is common The cornea is not infrequently inflamed There is 
usually merely a superficial keratitis, but a diffuse keratitis or even ulceration 
may occur Theie may be weakness of accommodation after measles, and 
paralysis or spasm of the ocular muscles has been i eported Amblyopia is 
lare and in some cases it has been followed by optic atrophy 

Ear Oomphcations — ^An acute catairh of the middle ear is not infrequent 
from extension of the inflammation in the nasopharjmx along the Eustachian 
tube It may cause earache, slight deafness, or tinnitus Occasionally the 
inflammation becomes purulent and the ear-drum ruptures Mastoid 
abscess rarely complicates the middle-eai disease 

Gastro-intestinal Oomphcations — Stomatitis is present m every case 
Oi dmanly there is merely the enanthem with more or less catarrhal stoma- 
titis, but the other forms occur Aphthous stomatitis is not as common as 
the ulcerative form Thrush may be met with m young infants and those 
poorly cared for The ulcerative form of stomatitis may be of a most severe 
type and prove senous, the teeth may be lost oi necrosis of the jaw follow. 
A cuiious membrano,us stomatitis may follow measles, frequently m con- 
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ncction with ulci'i line sfoin ititis V thulv \ollo.\isIi incmbninc m.n (o\er 
jnrt of the chcoks .iiul suins, and In nttciuU'd with (onsuleiahlo nl( oration 
This occurs in children wcakirttd from otliii (oniphcations, and iisiialh 
terminate* f italh Gans^rcnoiis stoinutitis is occasionalh sten aftci measles, 
and IS one of the most horribk eompluations The (Ustiiution of tissue is 
painlevss and lapid, and theie is i ehiirai t( rislic fatid otloi It is pi leliealh 
alwnis fital Glossitis occurs now and then and causes coiisidei iblc dis- 
comfort Heberden Ins reported (urioiis cases of constant sjiitting both 
ckn mdnidit coming on with the eruption incl 1 isting for i cl n or two 

Vomiting i* not moic common than m the other febrile diseases of chil- 
dren c\Miilst acute gastritis occurs, diseasi of the intestines is more fre- 
quent, diarrlKKa often beniig present, and ileo-eohtis is one of the major 
compile ations In the se%ercst form the colon and lowei part of the small 
intestine areafTceted Thee it irrhal and nice lafne forms aie most fieepunt 
but membranous colitis mac be met with Colitis is alw ns to be regarded 
as a serious eomjiheation iiid treatment should be prompt and ciicrgc tie 
HkLs has rcpoited a e isc of general jaritonitis following measles m which 
rccoeert took jilacc m tlirc'e months 

Complications of tho Respiratory Tract — ^I'liesc me the most frequent 
of .ill Ncarh e\cn p iticnt h.is con /a which ma\ now .md then be piiriih'nt 
The lann\ is frequenth inllanied and tliene is lion seme ss, eioiqn cough, 
and bomctimes loss of coiec and sMiijitoms of obstruction These max be 
difficult to ehflercntiate from lanngcil diphtheiia .Seweie larxnge il 
inflammation is alw.ns to be legarded as a dangeious eomjiheation and 
mcnibr.uious lanngitis is second to jinenmoni.i as .1 e nise of ele'.ith m 
measles Tho streptococcus is usiialh piesent but some aie tiue ehjihtheria 
Caillf has c.dled attention to jicrsisteiit hoarseness following measles 

Tracheitis, tracheobronchitis and bronchitis .iic all fiequcnt The 
bronchitis max extend into the smaller tubes, .1 comhtion desciibcd ns 
bronchiolitis or cajiillarx bronchitis bx some authors, but one wliieli docs not 
difTcr chmcallx from bronchojincuinonia Thoic is scxeic cough, dxsjinoca, 
and cxanosis, the pulse becomes lajuel and wc.ik, and dcMtli max ensue 
The phxsical signs aic the sinking m of the iibs duimg msjuiation and 
numerous fine rales lic'ard .ill oxei the chest, while eoiisei i.iles aie not 
uncommon Areas of clulncss c.umot be m.iile out The bieathmg is shal- 
low, the diajihrigm m consequence is high, .ind the hxei clulncss max be 
mistaken for consolidated lung The heait diilness is iisiiallx emlaiged 
owing to .icute dil.it.ition This foim of bioiidiitis is iisu.illx seen .iboiit 
the height of the eiiijition 

Bronchopneumonia is the most fiequcnt of the moie seiious compile a- 
tions and is responsible for moic deaths than anx othei cause Ilenoch 
states that some jmeiimonia is found in excix fat.il case The symptoms, 
course, and phxsic.al signs do not diflci from oidmaix bionchoimeumonia, 
but it should be borne in mind that m measles the temjiciatuic cannot be 
relied on to differentiate a pneumonia .and a bionchitis If thcie aie sxmp- 
toms of bronchopneumonia, ex'en though not maikccl, it is safe to issiiinc 
that it IS present The lungs should be examined in cxciy jxatient li the 
tempereiture is aboxe the ax'erage the juesence of jxncumoni.i should be 
suspected The child is dull and apathetic as a lule and tho icspiiations aic 
rapid and often irregular The jihysical signs are moie maikcd oyei the 
back and there are often small aicas of consolidation neai the spine m both 
VOL 2 — ^25 
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lower lobes These are made out by the presence of fine ciepitant lales 
will eh remain localized in spite of attacks of coughing, while the coaiser 
rales heaid throughout the chest aie modified after a coughing spell These 
areas spread until the patch may be made out by peicussion and usually 
also by loud bi on dual breathing Sometimes the respiration over the 
affected area may be veiy much diminished owing to the blocking up of a 
bronchus with secretion This frequently disappears after coughing 
There is no regular course for a bronchopneumonia , it may last a week 
with irregular fever oi persist for si\ weeks, the fever lunning now high, now 
low, sometimes subnormal, sometimes above 105° F Other complications 
may render the case hopeless or the child may die of tovfemia, heart failure, or, 
m some cases, from suffocation, being too weak to keep the bronchi clear 
The process may stop and go on to recovery at any time Following broncho- 
pneumonia, especially a persistent attack, there may be bronchiectasis 
Chronic interstitial pneumonia is also not infrequent 
Bronchopneumonia is frequent m asylums and hospitals and among the 
poor, and occurs more often m weak than m robust children It is more 
common m overcrowded wards than where there is sufficient an space and 
ventilation Exposure to cold m going to the closet oi using a chamber is a 
frequent cause In cold weather, m an overcrowded v ard m an institution 
for children, nearly every case of measles may be complicated with pneu- 
monia 

Lobar pneumonia is not frequent Congestion of the lungs is sometimes 
seen, and these cases are regarded by some as abortive pneumonia The 
temperature is high for a day or two, the child is prostrated, somewhat 
cyanosed, and the respiration rapid Physical signs show diminished 
breathing over the congested area, sometimes over both sides of the back, 
but after one oi two days the symptoms disappear 

Empyema is of considerable gravity There may be pneumonia with 
pleurisy or the pleura may be involved later If empjema is suspected the 
needle should be used and if pus is found it should be evacuated Gangrene 
of the lungs may follow empyema and the v\ liter saw four such cases m one 
epidemic Gangrene of the lung oi abscess of the lung may follow the 
pneumonia without an empyema and both are nearly always fatal Pleuiisy 
may be frequent complication m certain epidemics Guttceit reported an 
epidemic m which hvdiothoiax was a frequent and a fatal complication 
The peribronchial and mediastinal Ijmiph nodes may become enlarged 
after an attack of measles with pulmonary complications 

Circulatory Comphcations — Involvement of the heart is not common 
unless other comphcations are present Pericarditis is sometimes seen but 
moie frequently escapes notice until the autopsy Endocarditis is raie, and 
myocarditis, whilst not infrequently found at autopsy, is probably due to 
the complication which caused death Occasionally oedema from heart 
insufficiency may be noted Phlebitis with the formation of thrombi is a 
rare complication, and when it occurs the sinuses of the brain and the kidney 
are the most liable to be affected 

Poljmiyositis and polyneuntis have been reported by lessen, coming on 
ten days after the eruption and attended with sw’^elhng of the muscle and 
oedema 

Nervous Comphcations — ^These are various and include almost every 
nenmus disease Convulsions are occasionally seen at the onset, and head- 
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aclic, backache, and neuralgia, aic not infrequent Contractures of the 
muscles arc soinetiincs seen caily «uid duiing coinalc'sccnce Various foims 
of pualvsis, hemiplegia, paiaplegia due to myelitis, and gtncial neuritis, 
ha\e all been icportcd but aic laic Alluria has rccenth published a case 
of neuritis hnuted to the peroneal iiene in uhith theie Mas painhsis mIiicIi 
subsequenth disappeared Schtppcis has lepoitcd .i case of aphasia with 
difficulty in inalving compheated moxenients, but after twoweclvs’ rccoicry 
slowh took plate Tcinpoiary insanity, chorea, and epilepsy, ha\e all been 
ascribed to measles 

Skin Oomphcations —These are numerous, urticaria, furunculosis, 
impetigo contagiosa, and eeth>ma, being the most ficquent EiUhcma 
nodosum and erysipelas lia\c been reported Pemphigus is one of the most 
serious, it inaj be icry extensne and accompanied by scieie constitutional 
symptoms Many pro\c fatal, as do those m which the skin becomes gan- 
grenous Gangrene of the skin may oceui alone but is usually an extension 
of gangrene starling m the cheek or about the xuha Measles is repoitcd 
as ha\mg soinetiincs a curatne effect upon cc/cma, particulaily of the 
facial type 

Bone and Joint Complications — Goldthwait has reported osteomyelitis of 
the tibia with mild pericarditis ten dais after measles, and necrosis of the jaiv 
from ulceratiic stomatitis has also been seen Arthritis may occur as a raic 
comphcation, the knee being most frequonth allected 

Inflammations of or about the genitalia may be noted, paitieularly iiilio- 
lagimtis Subcut.uicous abscesses may be seen occ.isionally 

Pregnancy and Measles — Ccif has studied the cfkcl of measles in 
pregnancy, and his figures show that it causes aboition in CO per cent of 
the eases The more adianccd the pregnancy the more probable is .ibortion, 
and after the seventh month in SO per cent there was jiremature birth 
Tiicre arc no post-partum complications in these eases 

When measles and chickcnpox arc seen togcthci they both run their 
accustomed courses Bloclictt saw two oases m which, aftci the erujition of 
chickenpox had been piesent for two or thrte dais, the eiuption of measles 
appeared Tlie chickcnpox was so obscuied that its presence would not 
haie been suspected had it not been pieiiously seen Smallpox and measles 
together may pioducc a diflicult clinical jnoblem The measles exanthem 
may be distinguished between the pocks, but if the smallpox is confluent 
the measles eiuption may be mdistinguish.iblc on the face Accoidmg to 
Leech ivhen measles and varioloid are seen togcthci each inns its coiiisc un- 
influenced liy the other 

Tubeiculosis may be regarded as a comphcation oi a sequel of measles 
An attack of measles undoubtedly loweis the resistance, and any' infection 
may, of course, be seen as a comphcation Tuberculosis at this time may 
mean extension fiom some picexisting focus, as a tubciculoiis lymph node, 
usuall}'^ bronchial oi mediastinal, or it may mean infection fiom outside 

Diagnosis ^Thisis usually easy aftci the lash has appealed although 
at times it may test the ability of the clinician to decide upon the nature of a 
morbilliform rash, and cases ivithout eiuption aie almost alivay's doubtful 
To be of the greatest pieventive value the diagnosis should be made early 
m the preeruptive stage if possible Tlie eaily leukocy^tosis is of value, if 
a blood count can be made If measles is suspected, the dioivsiness, or the 
cough, cory/a, and conjunctivitis, are sufficient to make a tentative diagnosis. 
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Kophk spots are of especial value, and tlie most frequent cause of failure 
to find them is not their absence, but a lack of knowledge of then appear- 
ance, the use of pool oi artificial light, and a too hurried examination 
Meunier has called attention to a loss in weight of children during the 
mcubation period, which he legaids of value m early diagnosis On the 
fifth or sixth day before the appearance of the catarrhal symptoms, there is a 
loss of weight of about 10 ounces m a child of from one to four years of age 
The loss may be as much as 3 ounces daily, and is independent of age or 
of the severity of the attack 

Scailet fevei is distinguished by the sudden onset with vomiting and 
high fevei, the characteristic rash, the angina, and the stiawberry tongue 
Rubella is veiy easily confused with measles, but m epidemics the absence 
of catarrhal and othei sjmiptoms, absence of Kophk spots, the presence of 
the characteristic enanthem, and especially the polymorphous character 
of the exanthem, make the diagnosis easy (See Rubella ) 

Smallpox IS the most important disease v ith v Inch measles may be con- 
fused Despite the appaient difference, the two diseases may be strikingly 
similar, especially about the beginning of the rash Measles is, perhaps, 
more often mistaken for smallpox than the reverse In smallpox there as, 
usually, an initial chill, vomiting, backache, and fever, and when the erup- 
tion appears the fever falls, and the patient feels comparatively well Measles 
begins as described above, with catarrhal sjmptoms, and the fever does not 
as a rule disappear when the rash makes its appearance There may be 
severe symptoms m measles at the onset, and with the appearance of the 
eruption the tempeiatuie may fall, although this is not the rule Add to 
these anomalous conditions a measles rash having a distinctly shotty feel 
and the pictuie may be almost, if not exactly, the counterpart of smallpox, 
as the writer has had opportunity to witness The following points are of 
value The measles enanthem is finei , much more abundant, and more in 
patches, than the eiuption of smallpox as seen m the mouth On the first 
day or two of smallpox there aie small led papules seen best on the palate 
Kophk spots, if piesent, are valuable, even pathognomonic, but m these 
instances they may be obhteiated before the patient is seen The exanthem 
of measles is frequently confluent on the face, chest, and back, while small- 
pox IS raiely confluent on the trunk but frequently so on the face, forearms, 
and wiists The measles eruption is arranged m ciescentic patches, while 
the smallpox eiuption is not The measles eruption may be seen on the 
conjunctivre, whilst smallpox may, but does not always, affect the eye 
The history of exposure to one disease or the other is of some value 
Should doubt exist it is better to isolate the patient and wait for twenty- 
four hours, when the diagnosis is usually cleai 

The prodiomal lashes of smallpox may be morbilliform, and have been 
mistaken for measles The absence of Kophk spots and catairhal symp- 
toms render it plain that the lash is not measles, whatever else it may be 
Typhus fever has the same catairhal symptoms, but the general sjmiptoms 
of the disease are moie intense The onset m tjqihus is sudden, the erup- 
tion becomes hemorrhagic aftei the fiist two or three days, and has not a 
morbilhfoim character, but consists lather of spots and blotches The 
extreme raiity of typhus fever, nowadays, is a point m favor of any given 
case being measles It should be remembered, however, that some recently 
obseived cases of t'^qihus have been first called hemorrhagic measles 
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Influenza or grippe is sometimes mistaken for measles at the onset, as tlie 
SMiiptoms maj be len imieh alike The absence of Koplik spo s is of 
^ line Barthez and Sauna regard lomitmg at the outset as an indication 
of measles lathcr than of influciua Scjitic infections lutli wshes are much 
more liable to be mistaken foi scailct fe\ci than measles ihc absence of 
Koiilik spots and of the eiuption m the mouth general^ suliicc to distin- 
guish them from measles The calnrihal sMiiptoms aic usuajh uanting 
Syphilitic lashcs may occasionally' be iiiorbilhfoini, and, if there is fcicr 
at the same time, may be mistaken for measles Tiic jiicscncc of other 
manifcstatioiis, and the longci dmation of the i ash, arc the most distmguish- 
m<^ features The en.mtheni m these cases is of paiticuhii diagnostic a a ue 
Scrum rashes are usually scarlatiiiifoim or uiticanal, but no\y and then 
may resemble measles The hisloiy of the use of scrum, and the absence of 
the chaiactenstic enanthem and prodromes, make the diagnosis eas) 
Drug rashes are extremely liable to be confused nitli measles, as there are 
inanv drugs nhicli may cause a morbilliform rash The histoiy of taking 
the drug, the absence of symptoms, of catanhal conditions, and offc\cr, 
and especially of Kophk spots or other enanthem, y\ill m nearly eycr.y case 
make the diagnosis plain lien the disease for which the drug was taken 
presents catarrhal symptoms and fexer at the time of the appearance of the 
rash the diagnosis may be difhcult Antipyrmeisthcmost frcquentl) used 
drug yxliieh produces a mcasics-likc eruption The arrangement is liable 
to be less crescentic than m mcMslcs and it does not spread from .iboxe 
downy\ard Measles has, as .i rule, a spreading eruption 

Quinine may also cause an eruption, Init as a iiile the rash, cycn 
when mcasles-hkc, is much moic blotchy and uituaiial in chaiactci 
than measles Quinine rashes y cry much like measles hax c been described, 
and some of tiicm c\en had spread fioiii abo\c downwaid Copaiba, 
cubebs, and other balsams, cthcical oils, tin peiitiiic, chloral, and other dings, 
may cause morbilliform rashes In one instance the w liter saw the rose 
spots in typhoid fc\ ei so numcroiis as to suggest measles, thei c w as no cres- 
centic arrangement, and no other symptoms of the disease were present 
Prognosis — ^Thc piognosis m any guen case must be guarded, measles 
is usually legarded by tlic l.iity as a mild disease, but wlien one considers 
that the United States census foi 1900 showed 12,800 deaths, the eiior of 
this is very cMdent Sy'deiiham said, “They do moie to fill Chaion’s boat 
than the smallpox itself” The moit.ihty xarics gicatly in dillcrent epi- 
demics, betxxcen 3 and 50 oi moie per cent In cities the death-iatc fiom 
measles per 1,000 inhabitants xaries fiom 3 S to 27 0 The moitahty vaiiis 
greatly with the age and the surioundmgs In pm ate piacticc among the 
better classes measles is not a xery dangcious disease, but among the pooler 
classes, and in hospitals and asylums, it may pioxe a xeiitable scouige 
Comby gix'cs the following figures foi sex oral of the Pans hospitals 


No of 
Years 



Hospital 

No of 
Cases 

Deaths 

Percentage 

Hospice dcs Enfants-Assistes 

1575 

728 

4G 22 

Hopital des Enfants-Maladcs 

2585 

lots 

40 15 

Hopital Trousseau 

q07 

227 

25 02 
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Age IS an important factor From birtli to six months of age there are 
few deaths owing to the comparatively few cases From six months to ti\ o 
yeais of age there is a steadily increasing death-rate, which then declines 
until about the fifth yeai, after which deaths from measles are comparatively 
infrequent The sexes aie affected about equally 

Baithez and Sann6e give the following figures of age and mortality 1 
year, 62, 2 years, 53 1, 3 years, 34 4, 4 years, 30 3, 5 years, 24 9, 6 years, 
17 5, and 7 to 15 yeais, 9 6 per cent 

After forty the moitahty increases ivith the age, so that m old age it is an 
extremely fatal malady 

There are more deaths m cold, ivintry weather than in summer This is 
due partly to the greater number of infections, but more to the greater 
tendency to pneumonia The mortality is greater m cities owing to the 
lessened resistance of the city child, the overcrowding, and lack of fresh an 
and ventilation In countries wdieie the disease is introduced foi the first 
time or after a long lapse of yeais without any measles, it is particulaily 
fatal Death is nearly always due to complications, the most frequent 
fatal ones being bionchopneumonia, bronchitis, laryngeal affections, 
diarrhoea, ileo-cohtis, tuberculosis and noma 

The prognosis is bad if the child is between six months and two yeais of 
age, if in poor health or suffenng with some other disease, and if the hygiene 
IS poor, especially when there is overcrowding and no ventilation Un- 
favorable symptoms are high temperature, severe complications of the 
respiratory or alimentary tracts, and extensive hemoirhagic eruption 
Heart failure wnth fading of the lash is an indication of dangei, but this 
must not be confused wuth the temporary fading from cold Rhazes wuotc, 
“When you see the measles of a violet or gieenish color suddenly sink 
into the interior of the body, you may be sure that swooning will come on, 
and that the patient wnll die ” 

Prophylaxis — Nearly every one has measles some time, and many of 
the laity take no pams to guard their children from infection As the mor- 
tality decreases after two years of age, and is comparatively slight after 
five years of age, eveiy effort should be made to put off infection until aftei 
the fifth year Notification of measles is compulsory in most places wdiere 
there are w'ell-organized health departments As Panum states, "Quar- 
antine IS beyond doubt the best means of preventing the spread of measles ” 
Susceptible children, and, indeed, all visitors, should be prevented from 
entering houses where there are cases of measles When this cannot be 
done among the very poor, the patient should be removed to the municipal 
hospital 

Children wuth suspicious symptoms should not be allow^ed to attend 
school Any child w itli suffused eyes, cough, and sore throat, should be sent 
home to aw^ait developments Children wdio have had measles should not 
be allowed to return to school until all danger is passed All schools, public 
and private, should be closed during severe epidemics Children’s paities 
at similar times should be prohibited Newman sums up the matter of 
prophylaxis when he stated that the prevention and control of measles is, 
like that of whooping-cough or tuberculosis, largely in the hands of the 
public themselves 

Isolation — ^In hospitals and institutions for children every suspicious 
patient should be isolated Large hospitals for cluldren would do w'ell to 
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ha^c a quarantine ^^ald or wards in which children who have not had 
me isles could be isolated fiom the leinamdci of the inmates until two weeks 
Inne passed, as in nearh c\cr^ instance epidemics m hospitals arc started 
b\ the admission of a child m the incubation pciiod This measure would 
do much to prcicnt hospital epidemics, a mattci well worthy of considera- 
tion on account of then frightful mortaht^ Hospitals in which there aic 
me isles patients should not rccenc susceptible children The isolation 
loom 01 waid should be m a detached building allowing a free air sjiacc 
ill around it \Micic tins is not practicable the room should be as far 
rcmo\cd as possible and be strictly quarantined fioin the rcmamdci of the 
building 

Isolation m small liospit ils and in piiiate houses, unless carried out in 
this 111 inner, is liable to proic futile Isolation in a small room ofl the end 
of a waid m in be bcttci than no isolation at all, but certainh where children 
arc concerned is not icr\ useful Thcgreatci dilhcultN m isol ition consists 
m the fact that it can rarely be done sufhcicnth e.iih The disease inaN be 
transmitted before its presence is ordmarih suspected and the children 
with whom the patient has come m contact arc infected before the disease 
has been diagnosed This is paiticularb tuic in jirnatc families, win re the 
question of isokition is an open one If the susceptible children can be sent 
iwaN as soon as the disease is discoieicd that is the best thing to do Such 
children should not be scut to homes where there arc othci susceptible 
children, as the children so sent are frcqiienlh infected and mai prmc a 
source of danger to others If isolation is cnfoiccd m the a\erage houschord 
It IS usualh not stiict enougli to be of sen ice or is started too late 

The question of disinfecting the rooms occiqiicd bi the patient is of 
intcicst In hospitals and institutions this should be done, and, also, in 
prn ate houses when the rooms are to be occupied immedinteli bt susceptible 
childien If two or three weeks elapse tlieic is no daiigei from such a 
house After measles it is always well to gne the apaitmcnts a thoiough 
cleaning, and base them well aiicd for scNcial dais If a patient is isolated 
all precautions should be taken with the clothing and bedding both of 
nurse and patient In pinatc faimhcs where strict isolation is not being 
earned out the linen need not be disinfected, if the laundiy woik is done in 
the house 

Treatment — ^Thc child should be jilaced m a conNcnicnt loom, and 
plenty of fresh air is desiiablc, but centilation should be accomplished 
without strong drafts, which may often be done by Nentilatmg thiough an 
adjoining room The tcmperatuie should be about 70° F , and kept as 
equable as possible There is no ad^nntage m superheated looms, an idea 
very prevalent among the laity As thcic is usually consideiablc photo- 
phobia the room should be sufficiently darkened to be comfoitable to the 
patient 

It IS w'ell to have the skin anointed wuth some bland ointment, and 
equal parts of vaseline .and kanohn will be found s.atisfactory The skin is 
kept clean by sponging wath w’arm water and eastile soap tw'ice daily, after 
w'hich the ointment is applied If theie be itching, sponging with waim 
carbolic acid solution (1 per cent ) is useful There is <i i ooted objection in 
most families to using w.ater on measles patients, .and when this cannot be 
overcome orwdien the child is li.ablc to be chilled by exposure, all attempts 
at sponging are best abandoned 
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The diet should be the same as foi any acute fever Bottle-fed infants 
should have then food diluted, and oldei childien should be placed upon 
liquid diet hlilk, soups, and broths, may be allowed and peptonized if 
desirable Food should be given at regulai intervals, two, three or foui 
houis apart, depending on the amount given at any one time Plain or 
carbonated water, lemonade, orangeade, grape juice and vater, and similar 
drinlvs may be used to allay thirst, and if food is not well taken egg albumin 
may be given Alcohol may be used if indicated After the subsidence of 
the fever a gradual return to solid food should be made If gastro-mtestinal 
disorders appear, the usual rules of diet for these should be observed 
Fever — If this is but moderate, one of the old-fashioned fever mixtures, 
such as spiiitus lEtheris nitrosi ( 1511 ] to tijjxx) and liquor ammonii acetatis (ijjjv 
to 5]), in an aromatic syrup may be used Citrate of potassium (gis ] to i) 
IS also frequently given m syrup of lemon If the temperatuie is high and 
the child restless, a tepid or sponge batli is the best means of controlling it 
If there is any objection on the part of the family to the use of water, this 
may be 01 ei come by advising sponges of half alcohol and wafer or even 
more dilute solutions A cool pack or a cool bath may be used where the 
other means do not bimg the temperature down A temperature which 
does not go above 104° or 104 5° F need not be reduced unless attended by 
other symptoms Temperature over 104 5° should always be reduced 
An ice-bag to the head is grateful if there is headache In giving cold baths 
to measles patients care should be taken to avoid overexposure If the 
feet become blue and cold, warmth and friction may be applied to them, 
and an alcoholic stimulant administered If the temperature is high and 
the child feels cold to the touch a warm bath is indicated Antipyrine is 
useful m patients vith a good strong heart, but need not be given for the 
fever alone It is useful in combating nervousness and cough 

Nervousness and Sleeplessness — ^These are frequently allayed by 
bathing 01 sponging If these do not suffice, codeia and antipyrine may be 
given A child of one yeai may be given a sixteenth of a grain of codeia 
with one gram of antipyrine in syrup of orange This may be repeated, and 
vill be found most useful for controlling nervous irritability and cough 
Phenacetine may be given for the same purpose, best m powdeis 

The Eyes — ^The conjunctivitis present m all cases requires the usual 
treatment of a mild antiseptic eye wash Ten grams of bone acid with 
1 dram of camphoi uater and 7 drams of distilled water is suitable If 
the lids aie found adherent in the morning, the edges should be anointed 
at night and once 01 tn ice daily with a salve containing 1 grain of the yel- 
low oxide of mercury to 4 drams of vaseline 

The Nose, Throat, and Mouth — ^These should be kept clean by douches, 
spiays, or gargles As a rule the nose is best kept clean vith a nasal douche 
uliich flushes without any pressuie, thus avoiding the possibility of forcing 
the secretions up the Eustachian tube Dobell’s solution is satisfactory foi 
this pill pose The tin oat is usually best cleansed by using Dobell’s solution 
m an atomizer, but older children may use a gargle The mouth should be 
kept clean by a spray or by absorbent cotton wrapped about the Anger, 
and moistened vith boric acid solution, Dobell’s solution, permanganate of 
potassium solution, 01 diluted peroxide of hydrogen 

I/arjTigeal complications are best treated by inhalations, of vhich creo- 
sote, oil of eucalyptus or compound tincture of benzoin are the most efficient. 
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A dram (4 gm ) to a pint (oOO cc) of ^\ntc^ may be used This is 
heated in a cioiip kettle oi am otlur steam inhalci and the steam inhaled 
e\en hour or t^^o, for fi^c oi ten minutes at a time This is also useful m 
bronchitis and bionchopncumonia Extcinal applications — heat, cold, or 
countcnrritants — maA be made o\cr the laiMi\ 

Bronchitis —Inhalations as adiiscd foi lanngcal complications mil be 
found useful AntipMinc and codeine imU be found of sen ice Heroin 
Indrochloridc mm be used if the cough is icry iriitablc Biomi mixture 
with or Mithout aminonium chloride imn be used m oldei clnldicn, and 
sirup of squills is also useful The Jaclvson mixture consisting of equal 
parts of SI rup of squills, si nip of tolu, oil of sn cet almond, and mucilage of 
acacia, giien m doses of from one-half to a tcaspoonful, is often heljiful 
In infants and young children drugs which nauseate arc best molded 

Bronchopneumoma — This is treated as under ordmari ciicumsfanccs, 
inhalation, countcrirritation, and stimulants, as indicated, aic the best forms 
of medication The chest should neither be weighed down with plasters or 
poultices noi should hca^^ jackets and innumerable undershirts be used 
The chest should be allowed full freedom and the air of the room should be 
kept fresh and gas stoics and unncccssar\ attendants excluded 

Gastro-intestinal Compbcations — ^\^omiting is one of the most trouble- 
some, and is best treated by w ithholduig alt food and gi\ mg the stomach a 
rest If this does not mail and if the patient is under a icar of age or sufh- 
cienth tractable the stomach ma^ be washed out A useful prescription is 
equal parts of cinnamon water and liincwatcr, of which a tcaspoonful ma) 
be gnen fifteen minutes before feeding, and rcjioatcd scicral tunes if 
nccessar\ Ellen cscing drafts arc also useful Dian lima and ilco-cohtis 
arc bast managed by cleaning the intestinal tiact and careful dieting 
Bismuth subnitratc is one of the most useful drugs in these conditions 


RUBELLA 

Synonyms — German measles, French measles, false, hybnd or bastard 
measlas, rubeola sine aitarrho, rubeola epidemica, R morbillosa, R 
scarlatinosa, R nata, rosaha, hybnd scarlet fever, Geiman, Rotheln, 
French, rubeola, roscole, R prnnitnc, R inf.mtile 
Definition — Rubella is a specific infectious disease occurring m cjndemics, 
characterized by a pohnnorphous rash which sometimes resembles that of 
measles and sometimes that of scarlet fever, and sometimes th.it of both 
diseases, by little oi no constitutional distmbance, and by an almost constant 
enlargement of the cerincal and sometimes other lymph nodes 
Historical — ^The first descnptions of the disease aie by Hoffman, m 
1740, de Bergen, in 1752, and Oilow', in 175S Thcie have been numerous 
contributions to the literature, some denying and some affiiming the existence 
of rubella as a separate disease Henoch doubted its existence, and e^ en 
to-day some, as Donald Hood, who regards it as a modified measles, question 
its identity Strumpell sums up the question as follow's “The existence of 
the disease is doubted only by those wdio have nevei seen it ” 

Etiology —Rubella exists as a separate disease, and an attack does not 
protect against either scarlet fever or measles, nor does an attack of either 
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scarlet fever or measles protect against rubella The former is well shown in 
Thomas’s account of the Nitsche family (1872) 



Rubella 

Scarlet Fever 

Measles 

Max 

Feb 10 


The whole 

George 

March 26 

Feb 27 

family m 

Mehtta 

March 3 

March 23 

July 


Similar obseivations have been reported by Rilhet, Emminghaus, Roger, 
Picot, d’Espine, and otheis West is inclined to believe that rubella and 
measles aie closely related “They resemble each other somewhat as 
varicella and variola — alike but not the same, — ^not twin sisters, indeed, but 
half sisteis at any late ” 

Rubella occuis m epidemics and is rarely seen sporadically The sporadic 
cases are usually part of small family or school epidemics Epidemics occur 
m schools, institutions for children, villages, towns, and even entire countnes, 
as in Holland, in 1859, and m Malta 

Rubella may be transmitted by direct contact and by fomites, especially 
clothing or bedding, but the contagious piinciple has not yet been discovered 
The contagiousness seems to vary in different epidemics Steiner does not 
believe it at all contagious Atkinson and most observers regard it as con- 
tagious only to a slight degree, while Edwards, Griffith, and others, regard it 
as very contagious In a small epidemic obseived by the writer there were 
14 cases in a ward containing 22, or 63 6 per cent The disease was not 
carried to any other part of the building, although the maids and nurses 
went about freely and the clothes were sent to the laundry without steiihza- 
tion The children with rubella were up and went thiough the same halls 
as the other children, but used a separate play-room and were not allowed 
to come in contact with the children belonging to othei dormitories In this 
epidemic it appeared as a disease transmitted by direct contact and not by 
fomites or a thud person 

The disease is contagious early, perhaps even before the eruption appears 
and this lasts as long as the eruption Comby states that the contagiousness 
disappears with the eruption 

Sex and Age — ^The sexes are affected equally Scholl has reported a case 
v here the pregnant mother (seven months) transmitted the disease to the 
unboin child, the disease malang its appearance several days after birth 
Young infants are as a rule immune It is most frequently seen in early 
childhood, whilst other children and adults are less frequently affected 
Hatfield states that the liability varies inveisely with the age, whilst Ashby 
regards adults as even more liable if exposed He cites an epidemic of 27 
cases m a hospital in which 8 cases were m nurses and 19 m children Seitz 
has repoited a case in a woman aged seventy-three years 

Station in Life — ^The disease is more frequent among the poor than the 
well to do, which may be explained by the lessened resistance and the greater 
danger of exposure 

Immunity — One attack generally protects and second attacks are very 
rare 
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Incubation Period — ^This is ordinarily stated as being fiom foiiiteen to 
t\\ cnt^ -one da'\ s The slioitcst jicriod is one day (Giiflitli and Atkinson) 
and the longast fom ^\eclvs (Kh.itscli) 

Ssrmptoms — Prodromes — ^^riicrc ma'v be none at all, the lash being the 
first thing noted, oi theie nun be some indisposition from seveial hoiiis to 
tiio da^s, and exceptionally as long as four dais, bcfoic the lasli appeals 
The most common prodioines aic licadnchc, backache, loss of appetite, 
nausea, and sometimes lomiting, slight feier, dronsincss, and, in some, 
agitation CoiiMilsioiis ha\c been icportcd at the onset and occisional 
sunptoms arc redness of the cics, a little dysphagia, some hoaisencss, and 
occasionalh sncc/ing 

Invasion — This iiiai be slight or scicrc In some the onh thing noted is 
the appearance of the rash, or there mai be chilliness, languoi , headache, i\ ith 
pain in the back and extremities Thcie ma^ be inoie raich cory/a, con- 
gestion of the conjimctuai, slight phar>ngilis hoarseness, cough, nausea, and 
lomiting There ina^ be cpistaxis, and Pnolcan has rcpoited an initial 
hemorrhage from the eyes and cars Urticaria ,ind othci rashes ma\ precede 
the initial ci uption The stage of mi asion mai last from se\ ei al hoiii s to h\ e 
dais, these symptoms shoii gicat lariations and mai disappear before the 
eruption 

Temperature — This laiios grcatli m didcrent epidemics Thcic inai be 
no fcicr at all or it inai in rare instances icach as high as 104 3° F ^Yllen 
the temperature is high it icmains so but a shoit time In the aiciagc case 
the feicr is slight and lasts fiom tiio to foui dais, ranging from 100° to 
102 5° F, iiith slight cicning exacerbations The highest temperature is 
seen usually at the beginning of the eruption, and to a certain degree corre- 
sponds to it, tlicmost marked rashes being attended iiith the Inghcst fciei 
The exaceiliations iihicli folloii neier reach as high a point unless there 
IS a relapse oi some comjihcation 

Eruption — ^The most chai act eristic feature is the pohinorphism, and in 
one patient it mai resemble scailct fc\ci rather closely, in the next it mai bo 
hkemcaslcs, hilst in a thud it may on one part of the body lesemble scailet 
fei cr and on another measles It mai be accompanied by itching or binning, 
whilst at other times thcic aic no abnormal sensations In the majoiity it 
affects the face and scalp fiist, then the neck and body, spreading from aboi c 
downward, inxohing the aims and lastly the legs and iect It may spiead 
irregularly and on certain parts of the body be moic intense than on others 
When more or less continuous piessuie is made on the skin, as about the 
waist 01 neck band, or on the bade or side when the child is in bed, the 
eruption is more marked Thcic aic patches about the lips in most instances 
The, eruption may be seen on the p,ilms and soles In the wntei’s expeii- 
ence the morbilhfoim lash is moic ficqucnt, and it may be that alone or 
mixed with othei varieties It is not uncommon to liave a incasles-hkc lash 
ovei the face and most of the body, whilst ovei the parts picssed upon, the 
buttoclis and the inner sides of the thighs, it is a scarlatinifoim lash The 
rash fiequently can be seen in the deeper layeis, bluish red macules rathei 
crescentic in shape mottling the skin like maible Later these appear as i ose- 
red spots, made up of numeious small pm-head-si/ed papules, slightly raised 
above the surface, and to the touch like shot undei the skin In some the 
patches are discrete and m others they may lun togethei The early rash 
, may at a glance suggest flea oi other insect bites In still othei cases the little 
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pm-head-sized papules may be nearly all discrete The rash fades rather 
quickly and may be fading on one pait of the body while spreading on an- 
other The eruption reaches the gieatcst intensity usually on the second day 
and then begins to fade, the entire process lasting from one to two days to a 
week The duration of the rash is extremely vaiiable, and it may last but 
an hour or t\^o or as long as fifteen days The aveiagc duiation has been 
stated as from one to six days, three to foui days, and four to five days The 
variation m the length of time the eruption lasts is one of the distinctive feat- 
ures of the disease Cases without any eruption have also been repoited 

Following the fading of the lash there may be a light brownish-yellow 
discoloration of the skin, Avhich disappears completely in from one to thiee 
weelcs Theie may be the separation of fine bran-hke scales for seveial days 
or no apparent desquamation Scholl has leported a bian-hke eruption 
lasting for forty days Purpuiic spots, vesicles and petechise o\er the entiie 
body have been mentioned 

TJie Eruphon in ihe Mouth — ^Forcheimer has called attention to the 
eruption vhich is seen m the mouth, and this m the writer’s expeiience is a 
constant feature, being noted at the time of the appearance of the rash on 
the body Forcheimer desenbes it as follows “It consisted of a macular, 
distinctly rose-red eruption, upon the velum of the palate and the uvula, ex- 
tending to, but not on, the haid palate The spots were arianged irregularly, 
not crescentically, of the size of large pm-heads, very little elevated above 
the level of the mucous membrane, and did not seem to produce any 
reaction upon it ” This eruption lasts for twenty-four hours or less, but m 
some cases it can be seen on two successive days This eruption in the 
mouth is-unlike that seen m measles and also differs from the scarlet fever 
angina 

The Blood — Plantegna has reported findings which resemble those in 
measles There is a leukocytosis (polynucleai ) dunng incubation, followed by 
leucopenia when the eruption appears After the disappearance of the 
eruption the blood becomes normal 

Lymph Node Enlargement — ^This is a marked feature of German 
measles There is a striking enlargement of the postenor cervical lymph 
nodes much more marked than m measles This is present in nearly all 
cases and may also affect the submaxillary, postauricular, and suboccipital 
nodes The size vanes, they may be small in some or m others as large as 
a pigeon’s egg The enlaigement comes on about the same time as the rash, 
but may precede it several days The swelling gradually subsides with or 
after the disappeaiance of the rash The nodes do not suppurate 

Mahgnant Eubella — ^Edwards and others have reported fatal cases v ith 
vomiting, convulsions, delirium, and high fever The temperature was high 
(104° F ) and the heait weak and rapid The pulse rate m some cases was 150 
or over and m some there was heart failure Pneumonia and diarrhoea were 
the most common complications 

Complications — ^These are rare, but occasionally one or more of the 
follovung may be observed pneumonia, pleurisy, bronchitis, croup, earache 
or otitis, arthritis, eiysipelas, stomatitis, temporary enlargement of the 
thyroid, convulsions, or delirium Complications are so rare that they may 
almost be legaided as coincidences 

Relapses and Recurrences — ^Recurrences are very laie as the im- 
munity IS apparently perfect and lasting Relapses are laie but do occur and 
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DirrrnEvriAi. Di\gnosis oi Ru«rn.A, ScAniiT Fi vru, MrASLrs a\d 
Euytiu Inh'ctiosum 
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were a marked feature of the Malta epidemic Cuomo reports relapses in 
all of his 90 cases, but his epidemic diffeis m many particulars with the 
generally accepted clinical picture of rubella Griffith repoits relapses on the 
eleventh and twentieth day and Edwards on the fourth and twentieth 
Diagnosis —The polymorphous rash, the eruption on the uvula and soft 
palate, and the glandular enlargement with an absence of other symptoms, 
are the most important features Eubella occurs in epidemics, and spoiadic 
cases are to be looked on rather as measles or scarlet fever It must be dis- 
tmgmshed from drug rashes, especially that fiom copaiba The so-called 
roseola simplex due to heat or indigestion and so common in infancy must 
not be confounded with it Dukes has called attention to a rash caused by 
handlmg certain varieties of caterpillars, which might be mistaken for 
rubella Comby gives the absence of the diazo reaction as one of the signs in 
differentiating scarlet fever, and the absence of Kophk spots and catarrhal 
symptoms is of especial value m excluding measles 

Prognosis — ^Tlns is almost invariably good Fatalities aie so exceptional 
as to be regarded as due to the accidental association of some other disease 
Epidemics have been reported with a consideiable mortality, as one hy 
Edwards m which it was 4 5 per cent 

Treatment —This is very simple If the child has fever he should be 
kept m bed, but if there is no fever and the child feels well there isnodangerm 
alloAvmg him to be about Small doses of spiiits of nitrous ethei may be given 
if there is fever, and phenacetine, with small doses of codeia, if there is much 
restlessness and nervousness As a rule no treatment whatever is requiied 


THE FOURTH DISEASE. 

In July, 1900, Dr Clement Dukes, physician to the Rugby School, pub- 
lished a paper m the Lancet, desciibing an infectious disease mIiicIi he called 
“The Fouith Disease ” This affection has been discussed at consideiable 
length by numerous observeis The incubation period was about the same 
as that of German measles, nine to twenty-one days Prodromes were usually 
absent, but malaise and some sore throat were sometimes present at the onset 
of the lash The rash appeared ’ apidly and covered the body in a few hours 
Dukes does not mention whether it appeared on the face or not The color 
of the rash was said to have been brightei than that of scailet fevei and was 
followed sometimes by slight and sometimes by marked desquamation There 
was some glandulai enlargement The temperature vas usually not ovei 
101°, but in one instance it was 104° F There were no sequelai and the 
attack did not protect the indiwdual against either scarlet fevei or rubella 
For fuithei information the reader is lefeiredto Dukes’s onginal article and 
to a discussion of the subject by Kei ^ The latter renders what he calls the 
Scottish verdict of “not proven,” which is very generally accepted 


^Ker, The Practitioner, February, 1902, p 135 



ERYTHEMA INFECTIOSUM 


399 


ERYTHEMA INFECTIOSUM 

Definition — ^Erythema mfectiosum is a feebly eontagioiis disease of child- 
hood charactcnred by a inaculopapulai, rose-red rash, especially marked on 
the faee and the e\tcrnal surfaces of the c\ticmitics, and by slight oi no sub- 
jective symptoms 

Historical — ^Tlns was first desciibed as a separate clinical entity by 
Escheneh, in 1896, and the name w Inch he adopted n as suggested b) Strickci, 
m 1899 It has not been icported in America up to date but there have been 
numerous accounts of epidemics m Austria and German-v 
Etiology — The e\citmg cause is unknown, and no organism has been 
described The disease usually occurs in epidemics, most frequently m 
spring and summer, and children betw cen the ages of fom and tw eh e years 
arc most often affected It is but feebly contagions, and close contact is 
required to communicate the disease An attack docs not protect fiom 
measles, scarlet fever, or German measles 

Pathology — No autopsies ha\e been reported, and the only lesions known 
are erythema and occasionally slight pharyngitis 

Symptoms — The incubation peiiod has been fiom si\ to fouitccn dajs m 
the cases in m Inch accurate obsen ations could be made Tlicre may be slight 
piodromes, as malaise and sore tiiioat, but usually the ajipcaiancc of the 
eruption is the first sign of the disease On the fiist day the lash apjicais on 
the face and is described as a rose-red effloicscencc mIucIi eoieis the chcclvS, 
extending to the nasolabial folds in front, to the temjiles aboie, and laterally 
as far as the angles of the jav Oici this area the rash is confiuent, slightly 
raised above the surface, and for the most part sharply outlined, although m 
places it may fade gradually into the healthy skin The general ajipeaiance 
IS that of erysipelas, but whilst the skin is hot to the touch it is not sonsitnc 
and does not itch There is no subcutaneous hemorrhage on pinching the 
skin The rash disappears on pressure but reappears quickly when the 
pressure is removed On the following day the eiuption extends to otliei 
parts of the body, and on the forehead and chin there are discrete patches It 
spreads slowly dowmwxard, and on the tiuiik theie are disci ete somewdiat 
crescentic patches, from an eighth to half an inch long and suggesting 
measles, wdiich may also at times be wlical-hke, resembling uiticana The 
eruption is marked on the extensoi and outci surfaces of the arms and legs, 
and about the elbow's and buttocks it may be confluent Over the extiemi- 
ties the rash is morbilliform and the spots run togcthei, foiming map-hke 
areas, w’hich are especially marked wdien the eruption begins to fade Shaw 
suggests that it resembles lace wmrk The coloi varies fiom a rosc-icd to a 
browmish-red The hands and feet are the last places to be affected, and the 
mucous membranes aie not involved Tiie eruption fades fiist from the face 
after four or five days, and a few days later disappears from the body In all 
it lasts from six to ten days, and in some cases may disappeai and then re- 
appear after a short time There is no subsequent pigmentation oi des- 
quamation 

There are practically no subjective symptoms, although theie may be a 
very slight sore throat at the onset and the tongue may be somewdiat coated 
There is no glandular enlargement 

Diagnosis — ^This depends largely upon the recognition of the lash, and is 
not difficult The following are the most stnlang points of difteience 
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Scarlet fevei — ^Marked constitutional symptoms, high fever, strawberry 
tongue, angina, and a uniform rash Measles — Marked constitutional 
symptoms, fever, catarrhal symptoms, and Kophk spots Rubella — Enlarged 
lymph nodes, especially the posterior cervical, and the presence of the 
eruiition over the soft palate and the uvula Drug Rashes — ^The history of 
taking drugs Urttcana — ^The itching Erythema exudahvummulhforme — 
This begins on the hands and feet, becomes vesiculai, lasts for weeks, and is 
attended by marked constitutional symptoms Erythema mfectiosum is not 
to be compared with the so-called “fourth disease,” m which there is said 
to be a scarlatmiform rash making its appearance m a few hours and often 
followed by desquamation 

Prognosis — ^This is favorable, as there have been no fatal cases reported, 
and there are neither complications nor sequelse 

Treatment — ^There are no indications for treatment 



CHAPTER XIV 


DIPHTHERIA 
Bi JOHN H McCOLLOI^r, M D 

SsTlonyiDS — Angma maligna, cynanche contagiosa, cynanchc suffo- 
cativa, cynanche tonsillaris, dipbtlicntis, diphthtntc (Fr ), Diphthene 
(Ger ) 

Definition — An acute infectious and contagious disease, generally of the 
air passages, characterized by the jirescncc of a patch of dirty-^\ lute or gr .13 - 
ish membrane, cultures from ■which show a bacillus known as the Klebs- 
Loefiler or the Baalim dtpliihcnw The terms mcmbianous croup, suflo- 
catne catarrh and angina maligna are misnomer^ and should not be used, 
because they do not coniey any idea of tiie etiology of the disease It is 
important to emphasize that diphtheria at the outset is a local manifestation 
and that the constitutional symptoms which occui later arc due to the 
absorption of the toxin generated by the specific Oiganism 
History — Diphtheria is b^ no means a disease of modern origin In the 
year 111 A D , Aietajus wrote regarding a disease of the air passages, which 
he termed the Eg^ ptian ulcer He described the tram of s't mptoms w Inch 
we now recognize as diphtheiia Hippocrates and Galen seemed to ha\c 
recognized diphtheria, particularly Galen, because he is said to ha^c pei- 
formed laryngotomy From time to time epidemics of this disease ha\e been 
the subject ot medical essays, and early medical literature is full of theories 
regarding diphtheiia and the proper treatment of it 

At different times m the early history of Boston thci e w ere epidemics of 
this disease, particularly in 1735 and 1736 At this time Dr Douglass, of 
Boston, wrote a pamphlet on “Angma Ulcusculosa,” which must ha\e been 
diphtheria The common name of the disease was “Tin oat Illness or a 
Plague in the Thioat ” The epidemic was so general and caused so much 
alarm that the selectmen had a conference w itli the leading practitioners of 
that time regarding measuics to prevent its spicad 

In 1749, Chomel WTOte regarding a gangrenous disease of the throat 
wdiich w'e should now recognize as diphtheria Of 8 patients ill wutli the 
disease, 6 died The account w Inch he gives of the clinical symptoms answ ers 
perfectly the description of malignant diphtheiia In one patient wdio 
recovered there was marked palatal paralysis and stiabismus In 1765 
Francis Home,* of Edinburgh, published a pamphlet entitled, “An Inquiry 
into the Nature, Cause and Cure of Croup ” The word croup at that time 
w as the term given to diphtheria Dr Home gives an accurate description 
of twelve cases w'hich we W'ould now teim diphtheria The account of the 
autopsies is extremely interesting For instance, he says “When the 
trachea was opened the wdiole internal surface w'as covered wuth a membrane 

'Francis Home, M D , An Inquiry into the Nature, Cause and Cure of Croup, Edin- 
burgh, 1765 
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for three inches downward from the glottis This membrane was complete 
all around, did not adhere to the trachea, and came oft m the shape of a 
hollow tube The natural coats of the trachea seemed entire and not ulcered 
The substance of the lungs was quite sound, but the vesicles of the left lobe 
wmre filled with yellow, thick pus, which sunk m water The new-formed 
membrane had some degree of tenacity, and when steeped in milk-warm 
water for two days did not dissolve, but preseived some degree of cohesion 
No fibres could be observed m it ” In this pamphlet there are many accounts 
of similar autopsies 

In 1771 Dr Samuel Bard, of New York, wrote an elaborate article on the 
“ Cause, Nature and Treatment of Suffocative Angina ” His description of 
the disease which we know as diphtheria is extremely vivid, but his knowledge 
of the etiology is somewhat vague 

In 1821 Bretonneau, who fiist used the term diphtheiia, published his 
exhaustive paper on this disease but his Avork apparently was not appreciated 
by the profession, and m many instances there n as marked opposition to his 
theories and deductions In the light of oui present knoivledge, lioivever, 
Bretonneau’s Avork Avas a distinct advancement Although his opinion 
regarding the etiology of the disease is not in accord aa ith present ideas yet 
the careful manner in Avliich he described the clinical symptoms makes Ins 
investigations of the greatest importance 

In 1847 there was an outbreak of sore throat in England AA'hich Avas traced 
to Boulogne and Avas knoAvn as the Boulogne sore throat There is no doubt 
that this disease was diphtheria Since that time diphtheria has been more 
carefully studied and more generally recognized 

The pamphlet of John Ware,^ published in 1850, although written in 1842, 
is a valuable contribution as far as the clinical appearances of Avhat he 
termed membranous croup and what we should call diphtheria are con- 
cerned Dr Ware makes a careful distinction betAveen membranous croup 
and spasmodic croup 

Etiology — Many different theoiies have been adianced regarding the 
etiology of diphtheria Soil-moisture, seAvage gas, imperfect drainage, poor 
hygienic surroundings, overcroAvding, have been supposed to be important 
factors in causing the disease It is absolutely certain that, although these 
conditions may have a predisposing influence, they never of themselves can 
originate diphtheria 

It AAms not until 1883, Avhen Klebs demonstrated a small bacillus in the 
false membrane of diphtheiia that the etiology Avas placed on a scientific 
basis Loeffler m 1884 isolated and cultiA^ated this organism , hence the term 
Klebs-Loeffler bacillus Darier, in 1885, independently arriA’^ed at similar 
results Roux and Yersin found this bacillus in all cases of diphtheria It 
IS a short rod, straight or slightly curved with a diameter of 0 5 to 0 8/i and 
from 2 to 3/1 m length This organism glows on all the usual culture media 
It is aerobic, non-motile, and non-hquefying, it groAAs characteristically on 
Loeffler’s blood serum This culture medium should be neutral or Amy 
slightly alkaline If it is acid or strongly alkaline the organism will not groAV 
satisfactorily The bacillus of diphtheria gioAvs more abundantly at the 
temperature of the body than at room temperature Cold inhibits its growth 
but does not destroy its vitality Under suitable conditions its vitality may 

'Dr John Ware, “Contributions to the History, Diagnosis and Treatment of 
Croup,” Boston Medical and Surgical Journal, 1850 
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be retained for a long time, but as it lias no spores it can be easily destroyed 
b^ diilcrcnt germicides 'Welch and Abbott found the tlicinial deatli-pomt 
to be 58° C for ten minutes, and other obseuers h.i\c .uiivcd at similar 

lesults , , , , , 

The bacillus of diphtheria can be stained n itli the common aniline d^ es, 
but Loeffler found that an alkaline mctlnlcne blue was the most satisfactoiy 
stain The composition of this is as follow s saturated alcoholic nicth> lenc 
blue 30 parts, and a w atcr> solution of potassium Ip dratc (1 part to 10,000) 
100 parts (Plate XV 11) 

Ncisscr’s dillcicntial stain is of great use in deciding the chaiactcr of 
doubtful bacilli "When the staining is piojicrly done the pole granules aic 
of a deep-blue color and can be ^cr^ distincll\ seen when examined undci 
the microscope The body of the organism is stained a light blown So 
far as is known, no organism except the diphtheria bacillus presents the 
peculiar appearance pist described 

Hunt’s method of staining is as follows first, stain in a satin aled aqueous 
mvthelenc blue one minute without heating, second, wash and cln , third, 
coAcr with a tannic acid solution, lOpei cent , for one minute, fouith, wash, 
fifth, stain m an aqueous inetlpl orange solution one minute, w ash and diy 
^Yhen a preparation is stained m this wa^ and examined unddi the micio- 
scope, the pole gianulcs aie distmctb seen as small daik-bluc points and the 
bod} of the organism is of a light-orange coloi These dihciential st iins aie 
of great assistance m deciding the chaiactcr of bacilli which aie oiten mis- 
taken for the organism of diphthciia 

The diphtheria bacillus is not alwa}s of the same si7c There are two 
larieties, described as the long and the shoit larict} This change m 
appearance is due, m some instances, to the length of tune that the cultuie 
has been in the incubator, and m other instances to the stage of the disease 
when the culture A\as taken Some obseners liaAO inclined to the opinion 
that the degree of xurulence depended to a certain extent on the length of the 
bacillus These obser\ations condueted in the laboiatoiy hace not been 
borne out by clinical exjierience, the appeal ance of the oiganisin undei the 
microscope conveys no idea rcgaiding the seceiity of the attack of diphtheria 
m the patient from A\hom the culture was taken 

Patnology ‘—The essential lesions ma} be divided into two kinds 
local lesions, characterized by the formation of a membrane, and due to the 
immediate presence of diphtheria bacilli and the direct action ol the strong 
toxic substances secreted by them, and geneial oi sAstemic lesions due to the 
absorption of these toxic substances and then passage m a moie dilute form 
m the l}mph along the lymph vessels, and m the blood thioughout the 
general vascular system In addition there often are lesions of a thud kind 
due to secondary infections by other bacteiia, wdnch may complicate both 
the local and the systemic changes produced by the diphtheiia bacillus 
The local lesions begin most frequently m the fauces (tonsils), the larynx 
or the nares, rarely m the conjunctiva Fiom these pinnaiy foci the piocess 
often extends to the uvula, the pillais of the fauces, the posterior Avail of the 
pharynx, the trachea and lungs, or to the accessoiy sinuses of the nose 
More rarely it extends to the oesophagus, the tongue, the skin around the 


‘This section w'as Avntten by F B Mallory, M D , Associate Professor of Pathol- 
ogy, Harvard Medical School, First Assistant Visiting Pathologist, the Boston City 
Hospital 
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nose and mouth, the conjunctiva through the lachrjTOal ducts, or to the 
middle and external ear thiough the Eustachian tube and a perforated 
membrana tympani Still more rarely, diphtheria bacilli produce lesions 
in the stomach and duodenum, or are conveyed to the genitals (vulva 
vagina, penis) and give rise to membrane formation there 
The distribution, extent, and intensity of the local lesions vary gieatly in 
different cases Statistics in regard to them should be based, so fai as 
possible, on clinical observations rather than on postmortem findings, 
which represent conditions m fatal cases only otherwise a false impression 
will be obtained On the other hand, it is only by means of postmoitem 
examinations that the extent of the distribution of local lesions can be 
deteimmed in certain cases — stomach, accessory sinuses of the nose, etc 
The local lesions show in all situations essentially the same pathological 
piocesses, namely, degenerative changes in the epithelial cells and in the 
underlying tissues, combined with an abundant fibrinous exudation from the 
bloodvessels As a result of these degenerative and exudative processes sepa- 
rately 01 combined, a membrane is formed on the epithelial surface affected 
The degenerative changes m the epithelial cells m the primary lesions vary 
gieatly in extent and character, but those most noticeable are multiplication 
of the nuclei by direct division (an eaily change), necrosis of cells with 
hyaline transformation or with dismtegiation of the cytoplasm and frag- 
mentation of the nuclei, and desquamation of cells The hyaline trans- 
formation of cells may take place either before or after desquamation 
Necrosis with fragmentation of the nuclei is always most evident in the 
mucous glands where it forms a pronounced and almost specific process 
As a rule, the epithelium is absent beneath the membrane, although in 
places small masses of epithelium consisting of the lower layers of cells may 
be found, and •occasionally the membrane may stietch over a considerable 
area of epithelium m which only the upper layers of cells are absent The 
degenerative changes which take place m the tissues beneath the epithelium 
consist chiefly of neciosis of cells and of a hyaline fibrinoid change in the 
connective tissue and in the walls of the bloodvessels, but the process is not 
specific of diphtheria Sometimes the lesion is extensive enough to affect 
striated muscle Then some fibers show oedema, others a loss of the char- 
acteristic striations, while still others are changed into swollen, homogeneous, 
or reticulated refractive masses Sometimes the muscle nuclei undergo 
direct division 

The inflammatory exudation is always marked The fluid poition is 
apparently rich in fibrin factors, since, wherever it comes in contact with 
necrotic epithelial or other cells, it produces fibiin As a result an abundance 
of fibrin IS found on the epithelial surfaces and to a less extent in the under- 
lying tissues Its presence masks to some extent the degenerative changes in 
the cells and tissues The cellular elements of the exudation consist at first 
chiefly of polynuclear and non-granular leukocytes, together with a larger 
or smaller number of red blood corpuscles, but in the later stages numerous 
lymphoid and plasma cells appear Most of the leukocj 4 es pass to the surface 
and are found chiefly in the meshes of the membrane, but the lymphoid 
and plasma cells usually remain in the undei lying tissues 

The membrane which is so characteristic but not specific of diphtheria has 
received a great deal of study Macroscopically it appears at first grayish- 
white in color, but may change to a dirty-gray, yellowish-gray, grayish-brown. 
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or almost black color It may occur in isolated patches or as a continuous 
layer, as a thin pellicle oi a thick mcmbianc It may be granular and easily 
bioken up, or dense and elastic so that it can be removed in large patches 
It is ah\ays more easily removed from the trachea than fiom any other 
situation When the trachea is opened, the membrane often appears as a 
loose V rinkled mass lying m the lumen Removal of the membrane from the 
trachea or larynx, even hen it is thick and adherent, rarely leaves a loss of 
substance extending into the subepithelial connective tissue The tissue 
beneath the membrane and in its vieinity is always intensely injected and 
often hemorrhagic 

Very thick masses of membrane may be formed by the constant addition of 
fibrinous exudation In the later stages of the disease the membrane may 
disintegrate and be broken up into a mass of detritus, or it may be cast oft as 
a vhole by being elevated by an exudation beneath it Microscopicallj two 
forms of membrane are recognised, the fibrinous and the hyaline The 
fibiinous membiane often occurs in a pure condition, especially in ceitain 
situations such as the trachea, but the hjahne membrane usually, perhaps 
always, oecurs in combination vv ith the fibrinous 

The fibrinous membrane is characterised by greater friability than the 
hyaline It is formed at first around cells v\ Inch usually afterward disappear 
The fibrin appears as a reticulum of which the fibers var> much in sise and 
in which the spaces are rathci large, more often oblong than round, and w ith 
the long diametei parallel w ith the surface In the spaces are usually numer- 
ous leukocj'tes either w'cll preserved or undergoing disintegration, but over 
mucous surfaces covered w ith pavement epithelium desquamated epithelial 
cells undergoing hyaline degeneration are often jiresent The fibrinous 
membrane is not ahvays limited to the surface It is often connected w ith 
masses of fibrin m the underlying tissues, and if these tissues, as not infre- 
quently happens, undergo a hyaline fibiinoid change, they may lose then 
identity more or less completely and unite w ith the membiane to foim a pait 
of it Such adhesions between the fibrinous membrane and the underlying 
tissues is more common over surfaces covered with pavement epithelium 
than in the trachea, where the thick basement membrane on winch the 
epithelium lests usually prevents the membrane on the suiface fiom uniting 
wuth the fibrin and hyaline transformed tissue beneath it 

The hyaline membrane is dense, firm, and elastic, and can be stripped off 
m large flakes It is most often found on those surfaces which are cov'cied 
with pavement epithelium, c g , the tonsils It is much denser and more 
refractive both m the stained and in the unstained condition than is ordinary 
fibrin, and stains more or less imperfectly w ith the fibrin stain Microscopi- 
cally it appears as a reticular structure of which the beams aie homogeneous, 
coarse, and of a uniform thickness The spaces enclosed by the reticulum 
are small and vary but little in size, they may be angular or round Few cells 
are enclosed in the spaces The hyaline membrane arises m two ways , by 
fusion of hyaline degenerated cells wuth disappearance of the nuclei, oi by 
fibrin forming around and fusing with cells whieh undergo hyaline change 
The cells which undergo this hyaline transformation usually are epithelial 
cells, but leukocytes may undeigo the same change, m which case the spaces 
in the reticulum aie smaller 

Diphtheria bacilli are found, usually in clumps of various sizes, chiefly on 
the surface of the membrane, but they occur also to some extent in the 
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neciotic tissue, and rarely enelosed m leukocytes and necrotic epithelial cells 
While the diphtheiia bacillus is confined for the most pait to the local lesions 
it sometimes gains access to the general circulation and gives rise to a 
septiciemia Very raiely it gives rise to localized lesions as a result of this 
septicfemia, for example, acute endocaiditis For the most part it remains m 
the geneial circulation, and simjily increases the amount of toxins in the 
blood 

The local lesions produced by the diphtheiia bacillus are often complicated 
by secondary infections ivitli other bacteria, especially ivitli the Sii epiococcus 
pyogenes Such secondarj’’ infections may lesult m extensive neciosis and 
ulceiation, or even lead to gangrenous piocesses m the throat or extensive 
sloughing of the tissues of the neck 

The lesions of the lungs, although usually due to secondary infections, 
must be considered in connection ivitli the local lesions, paitly because they 
often are due m some measure at least to the immediate presence of the 
diphtheiia bacillus, partly because the systemic lesions m the lungs are of 
little significance The lesions of the lungs are the most frequent and serious 
i\hich accompany dqihtheritic infection and many cases are so extensive 
that death may be considered as due lather to the condition of the lungs than 
to the till oat affection While the antitoxin treatment may lead to the dis- 
appeaiance of a diphtheritic membiane, it cannot influence a streptococcus 
or pneumococcus infection of the lungs 

The most common lesion is bronchopneumonia The teim implies both 
the manner in which infection takes place and the relation of the foci to the 
bronchi It may be limited to single acini, to lobules, or to groups of lobules 
There is but little lateral extension of the infection through the walls of the 
alveoli or the bronchi into the surrounding air spaces Acute inflammation 
of the laiger bronchi usually accompanies it, but is not constant Atelectasis 
varying m extent is veiy commonly piesent The same is true of empliysema 
Cases of extensive confluent bronchopneumonia occur 

The chaiacter of the exudation vanes greatly It may be fibrinous, 
hemoirhagic, serous, or almost entirely cellular The cells m the exudation 
aie paitly polynuclear leukocytes, and lymphoid and plasma cells, partly 
cells derived from proliferation of the lining epithelium Cellular infiltration 
of the interstitial tissue and prolifeiation of the connective tissue cells are 
common Neciosis leading to abscess formation is a frequent complication 
Streptococci, pneumococci, and diphtheria bacilli are found with the difterent 
forms of exudation and with necrosis and abscess The streptococcus and 
pneumococcus must be considered the principal agents m producing the lung 
infection Diphtheria bacilli are frequently found, and may be the cause of 
bionchitis with membiane formation, of purulent exudation, of broncho- 
pneumonia, necrosis, and abscess They aie often found m the lung in much 
greater numbers than in any other situation, and there may be but little 
change m the tissue around them 

The systemic lesions due to the absorption of the diphtheria toxins are 
partly degenerative, partly exudative, and partly piohferative m charactei 
They are moie or less characteristic, but are not specific Other acute in- 
fectious diseases may show similar pathological changes Some of the 
systemic lesions are of little clinical significance, but others, especially those 
occurring m the heart, the kidnejs, and the nerves, aie often ol vital import- 
ance The systemic lesions due to the toxins of the diphtheiia bacillus are 
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often complicated by the toxins absorbed from other bacteria which invade 
the primary lesions, or from those bacteiia ^\hlch give use to secondary 
lesions in the lungs 

In the heait, so-called fattj degeneration of the myocardium is one of the 
most common lesions, it is found especially in the seieie cases of short 
duration It vanes m e\'‘ent, at times affecting the myocardium generally, 
at tunes occuiring m foci The fat may ajipcar in the form of fine granules or 
of large globules The fatti degeneration accompanies and seems to precede 
the other more advanced forms of degenciation u Inch lead to the complete 
destruction of the muscle fibers These inoie marked changes are the 
destruction of the sarcous elements, Inch become si\ ollen, broken up, and 
converted into hyaline masses, and the foimation vitliin the cells ot large 
vacuoles, nhich differ in size and by then nregulaiity of shape form the fat 
vacuoles These degcneiations maj' be so extensive as to account fully for 
the impairment of the heart action observed clinically No bacteria are 
found in connection with these degenerative changes, like most of the 
systemic lesions they are due to the influence of the toxic substances circu- 
lating in the blood The mural tlnombi which not infrequently occur in 
cases of rather long duration aie due to the extension of the primary necrosis 
of the myocardium to the endocardium 

In addition to these dcgcnerativ e lesions tw o forms of acute interstitial 
mj ocarditis occur In one there are focal collections of plasma and lymphoid 
cells in the connective tissue, this lesion may be accompanied by degenera- 
tion of the myocardium, but apparently is not dependent on it The con- 
dition IS analogous to that occuriing in the kidne>s and termed acute inter- 
stitial non-suppurative nephritis In the other foim of acute myocarditis 
there occurs a proliferation of the connective tissue cells, which is secondary 
to the degeneration of the muscle fibers It is probable that this lesion may 
lead to extensive formation of connective tissue and thus be the cause of some 
cases of chronic mj'ocaiditis 

Lesions of the spleen play but a slight pait hlacroscopically the spleen 
does not differ from normal, except that the lymjih nodules usually are more 
prominent The most obvious lesion, microscopically, consists of the for- 
mation of foci of epithelioid cells in the lymph nodules These cells are of the 
same charactci and aie formed m the same way as those in the lymph nodes 
They arc phagocytic, and the nuclcai dctiitus found m them comes chiefly 
from the lymphoid cells A ficquent lesion is hyaline degeneiation of the 
w'alls of the arteries, which is more common m the vessels of the spleen than 
elsewhere Sections stained for fat show numerous dioplets m the hyaline 
areas In the later stages of diphtheria numeious plasma cells are found in 
the spleen, which probably plays an important part in their foimation 
Occasionally, as in scarlet fever, accumulations of lymphoid and plasma 
cells are found m the intima of veins beneath the lining endothelium In 
some cases the cells are uniformly distributed, in others they form nodular 
projections into the lumen of the vessel 

In a few instances a diphtheritic membrane is formed in the stomach It 
usually occurs in limited areas, but may cover the whole surface As a rule 
it is fibrinous but the hyaline v^aiiety has been described The membrane is 
always attached to a surface deprived of epithelium, but may extend out 
over appaiently noima! mucous membrane Very rarely a 
diphtheritic membrane may be present in the duodenum Below this point 
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but little macroscopic change is found in the intestine beyond swelling of the 
lymphoid tissue, especially ol the lymph nodules These show the same 
changes as the Ijmaph nodules in the lymph nodes elseivhere m the body and 
in the spleen 

The lesions in the liver are not characteristic and do not differ from those 
found in other acute infectious diseases They are due to the effect of soluble 
toxic substances and not to the presence of diphtheria bacilli The most 
common lesions aie a general degeneration (albuminous and fatty) of the 
liver cells, and more rarely necroses, W'hich are limited chiefly to the centre of 
the lobules 

In the kidneys a variety of lesions may be found, either degenerative, 
exudative, or proliferative in character The different forms of lesions may 
occur separately or in vaiious combinations The degenerative changes in 
the epithelium consist of cloudy swelling, the deposition of fat droplets, and 
the transformation of the cytoplasm mto hyaline droplets 

Acute interstitial changes, generally included under the term acute inter- 
stitial non-suppurative nephiitis, aie fairly common They consist of the 
infiltration of the connective tissue, chiefly m the cortex, wuth lymphoid and 
plasma cells Occasionally polynuclear leukocytes and phagocytic cells are 
associated with them The cellular infiltration is usually focal and is always 
most marked in three situations at the base of the cortex adjoining the 
pyramids, just beneath the capsule, and around the glomeruli In some 
cases the foci are confined to the pyramids These changes in the interstitial 
tissue are ahvays accomjianied by the crow^ding of the bloodvessels, especially 
in the upper part of the pyramids, wuth these same cells ■which emigrate out 
into the tissues In the most marked cases of this lesion the kidneys are 
greatly enlaiged and may weigh more than four times the normal The 
capsule IS distended and thin, and on section often separates spontaneously 
from the surface, which is pale and of an opaque grayish color, mottled ivith 
irregular, more hyperasmic areas The stellate veins of the surface are 
enlarged, and punctiform haemorrhages are often found in their vicinity 
On section the normal markings are obliterated, and the contrast betiveen 
pyramids and cortex is indistinct The increased size is due chiefly to the 
swelling of the cortex In the less marked cases there are opaque areas, often 
in lines corresponding to the course of the tubules, due to the interstitial 
infiltration 

Acute glomerulonephritis is much less common than the interstitial form, 
and the lesion is chiefly of the intracapillary type due to proliferation of the 
endothelial cells lining the capillaries of the glomerular tuft Slight hemor- 
rhages in the kidney occur occasionally, but hemorrhagic nephritis ivith 
escape of blood into the tubules is very rare 

The lesions in the lymph nodes are among the most constant changes 
produced in diphtheria, and are most maiked in cases of great intensity in 
w Inch death takes place early They are most marked in those lymph nodes, 
e g , the cervical, w Inch are nearest the primary local process and, hence, 
receive the diphtheiia toxins in the most concentiated form They are 
least marked in those to -iihich the toxins penetrate in greatly diluted form 
through the circulation Macroscopically the most affected lymph nodes are 
enlarged, soft, and hypermmic In some cases there is extensive hemorrhage, 
and diffuse and circumscribed necroses are not uncommon There are other 
lesions distinctive of diphtheria, although they may be found in other in- 



DIPHTHERIA 


409 


fectious diseases, ^^lllcll consist of the foimation of foci iiliicli are very 
similar to miliary tubciclcs In these foci theie is a combination ot pio- 
hf oration, phagocytosis, and dcgeneiation Pioliferation of the endothelial 
cells lining the leticiilum gives rise to the formation of laigei cells resembling 
the epithelioid cells of the tubeicle These cells devour the lymphoid cells 
of vhich the nuclei in dissolving iindcigo fragmentation and appeal as 
nuclear detiitus The phagocytic cells themselves often undcigo neciosis 
V ith fragmentation of their oi\ n nuclei Caseation is ncvei produced, and 
no giant cells are foimed, but the necrotic cells may fuse and undeigo a 
hvalinc change 

In the tonsils local primary lesions of the surface uith extension to the 
crypts are combined nith the lesions of the iindei lying Ijmphoid tissue In 
the thymus gland nothing is found beyond degenciation ot lymphoid cells 
In the bone mairou the chief lesion consists of a hypeiplasia of plasma 
cells uhich entei the geneial circulation and may emigrate into various 
oigans, more especially the kidncjs, giving use to interstitial changes This 
process is not peculiar to diphthciia 

No changes ha\e been obscr\cd in the pancreas, adienals, thyioid and 
salivary glands, pituitaiy body', testicles, and o\arics, in diphtheria cases 
In the nervous system vaiious degiees of fatty dcgeneiation frequently 
occur The process seems to begin almost invariabl} in the mjclin sheath 
The myelin breaks up into gianulcs, dioplets and a cry irregiilai figures 
The change in the axis cylinder consists chiefly of swelling which is often 
irregular, so that it presents a beaded appearance, and as it swells is stains 
veiy faintly, so that w hen the myelin sheaths have undergone marked fatty 
degeneration, the axis cylinders usually can not be distinguished These 
changes occur not only in the peiipheral neives, but also in the w lute matter 
of the brain and coid They aie of gicat clinical importance because they 
are the cause of the most important sequel of diphtheria, paralysis 
The skeletal muscles, like the nerves, often show’ vaiious degiees of fatty 
degeneration In fact, the process in the tw'o tissues seems to occur at the 
same time and to be of equal intensity The muscle fibers may be affected 
unifoimly, or only single fibers may contain fat droplets 
These clegeneratue changes m the nervous system and in the skeletal 
muscles, together W'lth the lesions in the heart, account for the slow lecoi ery 
and long persistent weakness in many patients aftei an attack of diphtheria 
Similai changes of a milder type are probably usually present 

Symptoms — The incubation period is from tw'enty-foui houis to three 
days Diphtheria differs from other infectious diseases m the period of 
incubation, as the piocess of infection is similar to that of a dissecting W'ound 
The organism finds access thiough an abiasion generally of the mucous 
membrane, m just the same w'ay as infection is pioduced from the prick of 
a needle at an autopsy or a scratch during dissection 

In discussing the symptoms it is important to make a somew'hat artificial 
division of the different forms of diphtheria It is w'ell to emphasize that 
diphtheria at the outset is a local disease and that the constitutional sj'mptoms 
depend absolutely upon the amount of toxin generated by the specific organ- 
ism The different forms are pharyngeal, w'hich is the most common, 
laryngeal, mcorrectlj' termed membranous croup, nasal, cutaneous, diph- 
theria of the lungs, diphtheria of the eye Pharyngeal diphtheria com- 
mences W'lth a feeling of chilliness, not amounting to a distinct rigor, head- 
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ache not particularly severe, and a rise in temperature not particularly 
marked The soreness of the throat at the outset is not very severe but at 
the end of about twelve hours becomes more pronounced, ana if tne fauces 
are examined there will be found a peculiar congestion of the tonsils and 
adjacent parts which has a distinctive— almost purplish— hue At the end 
of twenty-four hours patches of membrane of a dirty-white color can be seen 
At the end of tliirty-six hours, or twenty-four from the appearance of con- 
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gestion in the throat, the membiane extends very rapidly and covers the 
tonsils, the uvula, and the hard and soft palate Dysphagia now becomes a 
prominent sjunptom, the temperature has risen two or three degrees, pros- 
tration commences to be marked The membrane, vliicli has been quite 
thin, now becomes very thick and can not be removed from the subjacent 
parts V itliout difficulty, and if removed leaves a bleeding surface In the 
verv early stage of the membrane formation the exudate can be removed 
M ith little difficulty and without bleeding Failure to recognize this fact has 
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frequently led to errors of diagnosis The breath of the patient at the end of 
forty-eight houis commences to have a strong septrc odor After seventy- 
two hours the pulse has a peculiar soft feeling, and tlie patient may be 
actrveb delirious, or he m an ajrathetic state After the membrane has begun 
to form it increases rci> lapidiy, and in a see ere attack at the end of three 
da3s the process has been ended b}' the death of the patient Onlj”^ twehe 
hours sometimes elapse from the appearance of a small patch of membrane 
until the tonsils, uvula, and soft and hard palates are covered with it If 
irritant gargles are used at the outset, the membrane forms much more 
rapidh , because, ow ing to the inflamed condition of the mucous membrane, 
the epithelium is remor ed b> these agents, and a fresh field is offered for the 
growth of the organism Laboratory experiments hare prored that the 
bacillus of diphtheria will not grow on intact mucous membrane, and this 
explains its rapid adxance where irritant gargles have been used If the 
patient In es long enough the septic odor increases m intensity and after a 
time the membrane may exfoliate A profuse sanious discharge from the 
nose now appears, there may be hemorrhage from the mucous surfaces, 
spots of ecch-\mosis appear on the body, the patient is in a cold clammy 
perspiration, the pulse is rapid and extremely feeble, he can be roused w ith 
difficulty, and when roused does not answei questions coherently The 
urine is scant}' and loaded w ith albumin Nourishment is refused partly on 
account of djsphagia and partly because of inability to sw'allow from lack of 
strength Death supervenes from the absoiption of the toxin, and the 
albuminuria is caused by the same agent The temperature is not specially 
elevated in diphtheria unless there is some complication If the membrane 
IS not xery extensive it may be exfoliated at the end of seven or eight days, 
and may re-form If, however, it does not, the patient may commence to 
improve for a time and the mucous membrane may assume a noimal appear- 
ance The physician feels giatified to find the patient improving, when 
suddenly the patient has an attack of vomiting, passes into a state of collapse 
and dies in from six to eight hours Sometimes at the end of three or four 
w'eeks, wdien everything seems to be piogressing favorably, the pulse rate 
wall fall to 30 or 40, or even low er, and the patient, w ithoiit any complaint of 
discomfort, will gradually sink and die The effect of the toxin on the heart 
IS to be alw ays borne in mind in eveiy attack, no inattei hoxv mild A patch 
of membrane the size of a thumb-nail on the tonsil may generate sufficient 
toxin to cause death Palatal paralysis is a very constant symptom in 
untreated cases The xvriter has obseivcd many cases of sudden death m 
w'hich the only cause could have been an attack of diphtheria so mild that 
no physician w'as called until the patient xvas in aihculo mmtis The knee- 
jerk IS very frequently absent for some considerable time aftci an attack 
The muscles of accommodation of the eye are frequently paralyzed Strabis- 
mus and double vision are frequent symptoms Paralysis of the extremities 
often occurs The patient is unable to w alk and is sometimes unable even 
to lift his head He lies in a peculiar position m bed, which can hardly be 
described, but must be seen to be appreciated 
The symptoms of laryngeal diphtheiia are essentially different from those 
of pharyngeal diphtheria The attack begins xvith a hoarse biassy cough, 
a moderate use in temperature, and a certain feeling of lassitude If the 
fauees are examined, no membrane, in uncomplicated cases, can be seen 
The general condition seems to be fairly good At the end of tw'enty-four 
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hours the dyspnoea has inci eased and the metallic cough is a piominent 
symptom Thiity-snxjiouis later theie is maiked substernal and supia- 
claviculai retraction The patient is extremely lestless and starts up in bed, 
clutches at the throat, and gasps in the endeavor to get air into the lungs' 
The alw nasi ivill dilate and contiact Cyanosis now appears and it is impos- 
sible foi the patient to get any rest The substeinal retraction is extremely 
marked in young children In adults it is not so great, because the thoracic 
walls are so iigid that they prevent retraction to a certain extent Supra- 
clavicular retraction, however, is always present m adults as well as m chil- 
dren Rigidity of the sterno-cleido-mastoid muscles is always present, both 
in adults and children, it is of great significance m the early stage of laryn- 
geal diphtheria and should be a warning to the physician 

The tram of symptoms just described is not present in spasmodic croup 
or in dyspnoea due to pneumonia or heart disease The mistake is frequently 
made of failing to recognize the giavity of the symptoms at the outset '' The 
laryngitis of a commencing attack of measles is very frequently mistaken for 
laryngeal diphtheiia, and vice versa A careful examination ought to prevent 
this mistake in the majority of instances As time goes on the condition 
becomes more and more critical The dyspnoea increases, the eyanosis 
becomes more maiked, the substernal retraction increases, the patient 
becomes more exhausted, and death ends the scene It sometimes happens 
that twelve houis before death, the dyspnoea is not so marked, simply from 
the fact that the patient is exhausted This is a description of a typical case 
of laiyngeal diphtheiia, which, if not relieved by operative interference or 
by treatment, is one of the most distiessing sights that a physician can see 
Any one who has seen the congestion caused by diphtheritic membrane on 
the tonsils can readily undei stand how a small patch of membrane situated 
on the vocal cords oi below them may cause sufficient swelling to occlude the 
glottis, the opening m v Inch, particularly m children, is so small that a limited 
amount of oedema is sufficient to interfere with respiration Tins explains why 
in many instances no membrane is seen in laryngeal diphtheiia All patients 
with laiyngeal diphtheria without operative interference do not die, but a 
vast majority do In laiyngeal diphtheria the process extends very fre- 
quently to the bionchi, and often invades the smallest ramifications Laryn- 
geal diphtheria and pharyngeal diphtheria in many instances are associated, 
and the piocess extends fiom the pharynx to the larynx Sometimes the 
uvula will be the only seat of the membrane, and from there it extends to 
the larynx 

Nasal diphtheria may be veiy severe or mild, depending upon the situation 
of the membrane If the disease is situated m the posterior nares there may 
be great constitutional disturbance If the condition of the tissues in this 
locality IS borne in mind, it can be understood that the toxin generated is 
very readily absorbed and causes death from its effect on the heart Many 
patients die from unrecognized nasal diphtheria because no membrane is 
seen and the fiist indication of serious tiouble is rapid action of the Jieart, or 
in some instances there may be a slow pulse and the physician is often unable 
if he does not have the idea of nasal diphtheria in mind, to explain the symp- 
toms If the membi ane forms in the anterior nares, the probability of absorp- 
tion IS reduced to a minimum and there is usually very little constitutional 
disturbance The importance of the latter type is the danger of infection 
Many senous outbreaks of diphtheria are due to individuals who have a 
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profuse discharge from the nose without any constitutional disturbance 
This IS not a theoretical statement, but the result of experience Every 
profuse discharge fiom the nose, particularly if there is any excoriation about 
the nostrils, should be looked upon with suspicion and cultures taken If 
adenoids are to be removed cultures should always be taken befoie the opeia- 
tion IS perfoimed, foi it very frequently happens that a child who has a 
profuse nasal dischaige, immediately after the removal of adenoids or 
ablation of the tonsils has a severe attack of diphtheria If the operation 
for cleft palate is to be pei formed, it is still more important to take cultures, 
because, if theie are any diphtheria bacilli m the nasal discharge, this organ- 
ism IS sure to grow upon the cut surfaces, and the patient not only has an 
attack of diphtheria, but the edges of the wound slough and rendei a second 
operation much more difficult 

Cutaneous diphtheria, as a rule, is not serious, as the membrane does not 
extend on ing to unsuitable conditions Tins does not apply to those cases 
where there is an abrasion such as a bite on the finger of the operatoi duimg 
intubation, foi, in these fatal results have followed It is not an uncommon 
thing for a female child to cairy the infection from the nose to the vulva An 
attack of diphtheria of the vulva is frequently attended v,'ith marked con- 
stitutional disturbance, tenderness of the abdomen, and painful micturition 
It rarely happens that toxin sufficient to cause the death of the patient is 
generated, although there may be a certain amount of paralysis In male 
children the penis is sometimes inoculated, but this is not seiious Diph- 
theria of the penis m adults is frequently mistaken for a chancre and has been 
followed by postdiphtheiitic paralysis Abner Post' leports the following 
case H entered the hospital foui wrecks after the beginning of Ins tiouble 
His brother-m-law% wife and child had all been ill w'lth diphtheria and 
H had cared for them During the convalescence of the last one of the 
three, H had a blister beneath the prepuce, wdiich w\as follow’ed by sw'elhng 
and acute phimosis An incision along the dorsum, made by his physician, 
was covered by a membiane The entire prepuce finally sloughed Aftei 
his entrance to the hospital search for diphtheria bacilli was made in the dis- 
charge, but none were found Ciliai y paralysis in both eyes latei developed 
and a postdiphtheiitic paralysis in all four limbs Nothing w^as found in the 
urine Later, careful examination of the slough fiom the prepuce showed 
in places, a little below the surface, small clumps of bacilli wdiich morpho- 
logically resembled diphtheria bacilli 

In a patient aged four years admitted to the South Department of the 
Boston City Hospital with scarlet fever, a short time aftei admission it w as 
noticed that there was a profuse nasal discharge wdiich iriitated the upper lip 
Cultures from this discharge showed diphtheria bacilli Some w^eelis latei 
there was pam and tenderness of the penis and some pam in micturition 
Twm days after, on retracting the foreskin, tw'o small patches of membrane 
could be seen, the cultures from which wera positive These patches disap- 
peared m a few' days, leaving ulceiated spots that healed in a shoit time This 
child had not been circumcised The source of infection w'as, w ithout doubt, 
the nasal discharge Quite a number of similar cases have been observed at 
the South Department of the Boston City Hospital Diphtheria of the penis 
IS more frequent than is generally supposed Some observers have reported 
diphtheria of the uteius during the pueiperal stage 

^Journal of Boston Society of Medical Sciences, vol ii, 1897 
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Diphtheria of the eye, or diphtheritic conjunctivitis, is not infrequent It 
IS sometimes caused by the secietions from the throat of the patient being 
coughed into the eyes of the attendant, particularly m tracheotomy cases 
The more common cause is auto-moculation from the nasal discharge 
Diphtheria of the eye commences with a slight congestion, which rapidly 
increases and is followed by the formation of a distinct membrane which has 
a grayish-white appearance, a little different from that of the membrane in 
the throat The process goes on very rapidly, so that at the end of twenty- 
four or tliirty-six hours the eye is so inflamed that it is impossible to separate 
the eyelids There are two varieties of diphtheria of the eye — the super- 
ficial and the deep — each of which is very serious In the former the eye is 
invariably lost, m the latter it is sometimes saved There is a consideiable 
amount of constitutional disturbance and usually severe pain The rapidity 
with which the disease advances is very great, so that sometimes m forty- 
eight hours the eye is hopelessly destroyed In the milder attacks, even when 
the eye is saved, the moibid process continues for si\ or seven days If the 
attack comes on, as is not infrequent, during the course of measles, the pro- 
bability of saving the eye is \ ery slight The general condition of the patient 
IS also an important factor in the prognosis 

Diphtheria of the lungs This is extremely rare but does occur The 
focus IS situated in one of the larger subdivisions of the bronchi, and the 
membrane rapidly extends to the bronchioles and to the larynx The sjmp- 
toms simulate those of pneumonia, and it is extremely difficult to make a 
differential diagnosis The dyspnoea, however, is more marked than in 
pneumonia, and there is an absence of rusty sputum The expectoration is 
mucopurulent, and cultures from it show the presence of diphtheria bacilli 
It IS reasonable to believe that primary diphtheria of the lungs is much more 
common than is generally supposed The difficulty of making a correct 
diagnosis is sufficient to justify the conclusion that many patients die of what 
is called pneumonia v ho really have diphtheria of the lungs 

Complications — In severe attacks an erythematous eruption may appear 
on various parts of the body, which must be distinguished from tlie erup- 
tion caused by antitoxin This appears m severe attacks and is of giave 
import Urticaria not connected with antitoxin sometimes appears but, 
although annoying, is not serious Purpura hemoirhagica is present in the 
giavest types of the disease, and is generally the foreiunner of death Min- 
ute peteclme appear on the body at first, and gradually increase in size until 
large spots of ecchjmiosis are present in the dependent portions In some 
instances nearly the entire trunk may be the seat of this extravasion, only 
small areas of sound skin being apparent Hemorrhage from the mucous 
surfaces is frequently present m severe tyjjes of the disease There may be 
bleeding from the urethra and from the vagina The hemorrhage, however, 
IS more generally found to occur from the nose and mouth The quantity of 
blood lost may be comparatively small, or so profuse as to endanger life 
Disease of the middle ear not infrequently occurs, and can be explained by 
the extension of the process through the Eustachian tube Mastoiditis 
requiring operative interference is somewhat infrequent but the possibility 
of its occurrence should alwmj's be borne m mind 
Nephritis is a constant symptom in the severer attacks and is also found 
in the milder forms Its presence is explained by the action of the toxin on 
the kidneys In the laboratory this has been demonstrated by autopsies on 
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guinea-pigs injected m itli diplitliena to\in, the kidneys being found in a state 
of cloudy swelling The nephritis may be an early or a late symptom but 
generally occurs at the end ot the second week The piesence of albumin in 
the urine was described fifty years ago by many observers, which ought to 
be a refutation of the statement that antitoxin causes albuminuria The 
occurrence of albuminuria m diphtheria, as given by these early observers, 
varies fiom 70 to 55 pei cent Uiiemia with marked convulsions appears m 
the gravel types and there may be partial or complete suppression of urine 
With complete suppression the condition, although very giave, is not neces- 
sanly fatal, for instances have been observed where no urine was passed for 
forty-eight hours and the patients recovered 

Cervical adenitis is frequent and m a certain proportion ends m suppuration 
Cultures show the presence of streptococci and staphylococci Abscesses 
elsewhere veiy rarely occui and, if at the site of injection, are generally due 
to some error m sterilization In rare instances the serum may be at fault 
Bronchopneumonia appears during the second week m a large proportion 
of the cases, particularly of the laiyngeal form, and is responsible for about 
20 per cent of the deaths m cases of intubation Lobar pneumonia not 
infrequently commences duiing the second week but it is not neaily so fre- 
quent as bronchopneumonia, although a much more fatal complication 
Paralysis of a mild or severe type is one of the most frequent of the sequelse 
and occurs m about 40 per cent of all attacks of the disease Some observers 
have given a much longer percentage, but this is due to the fact that the slight 
attaches of paralysis have not been lecognized The patellai reflexes aie 
absent m a very large proportion of all cases, even when paralysis is not so 
marked as to attract attention 

Palatal paralysis characterized by a nasal voice is one of the most frequent 
forms In some instances the uvula docs not move during phonation and in 
others is deflected to one side In the severer types of paialysis theie is 
marked regurgitation of liquids, and sometimes an absolute inability to take 
any nourishment Paralysis of the intrinsic and extrinsic muscles of the eye 
IS common and is associated w'lth double vision The upper and low'er 
extremities are sometimes paralyzed so that the patient is unable to move 
either his arms or his legs Paralysis of the respirator}’’ muscles sometimes 
occurs, and the patient has a peculiar shallow^ and sighing lespiiation This 
has been observed m about 3 per cent of the fatal cases at the South Depart- 
ment of the Boston City Hospital duimg the past nine yeais 

In a certain number of cases four or five w'eeks aftei the initial symptoms a 
multiple neuritis appears, with severe pain and loss of motion of the extrem- 
ities This condition is a very grave one and is a frequent cause of death 
The gravest sequel, and one that is responsible for the greatest number of 
deaths occurring m apparent convalescence is the effect of the toxin on the 
heart In every case of diphtheria, mild or seveie, the possibility of heart 
complications should alw ays be m the mind of the physician, and frequent 
examinations of the heart should be the routine practice, no matter w’hether 
there are any symptoms referable to this organ oi not The heart complica- 
tions are a phase of the degenerative changes in the nervous system, although 
m some of the fatal cases a degenerative change in the heart muscle has been 
found Murmurs, usually systolic, are observed m the vast majority of 
patients ■with diphtheria A rapid pulse rate is always cause for alarm and a 
slow pulse IS an indication of serious trouble 
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In the observation of the pulse rate of 800 cases of diphtheria the folloivino' 
results were reached When the rate was less than 130, the mortality was 
4 8 per cent , when it was 130 the mortality was 16 2 per cent , when 140 the 
mortality was 18 2 per cent , A\hen 150, the moitality was 40 per cent , 
when 160, the mortality was 56 1 per cent , when 170, there was a death- 
rate of 75 per cent , and when the pulse rate was 180, the mortality was 90 9 
per cent 

The conclusions reached by White and Smith^ in the clinical study of 946 
cases of diphtheria with reference to heart complications are of interest, the 
special points being 

1 “The gieat frequency of heart murmurs and irregularity of the pulse 
The prognosis does not depend on the mere piesence of these signs, but upon 
the seventy of the infection, the length of time without treatment, the rate 
and degree of irregularity of the pulse, and the presence of the graver signs 
of cardiac disturbance 

2 “Moderate disturbance of the heart is very common, severe compli- 
cations are infrequent 

3 “Frequent examinations of the heait aie necessary to leally determine 
its condition, because of the marked changes in rhythm from one hour to the 
next 

4 “Gallop rhythm, late vomiting, and epigastric pain and tendeiness, 
are important as danger signals of severe heart complications The associa- 
tion of late vomiting with gallop ihythm renders the outlook almost hopeless 

5 “Antitoxin does not aftect the heart unfavorably, but, on the other 
hand, its early use pi events the appearance of giave heart complications 

6 “Frequent examination of the heart and pulse in the second and third 
weeks of the illness is necessary, that being the time when severe heait com- 
plications most frequently occur 

7 “Bronchopneumonia is a more frequent fatal complication of diph- 
theria than heart disease, sudden death fiom heart disease is very rare when 
patients are kept in bed for a proper period 

8 “Prolonged rest in bed is necessary in all severe cases, it is not neces- 
sary to keep all patients in bed who have cardiac murmurs and a pulse which 
IS somewhat iriegular and increased m rate One should be governed by the 
stage of the illness and the general condition If no serious heart trouble has 
developed within four weeks, the patients aie usually safe from this com- 
plication 

9 “Heart murmurs and irregularity aie of long duration in many cases 
and make it necessary to watch the condition of the heart long after con- 
valescence in all severe cases ” 

Vomiting IS, as a rule, an indication of commencing degeneration of the 
vagus nerve There is no one symptom that should cause so much alarm in 
the convalescent stage of diphtheria as a sudden unexplained attack of 
vomiting Very few patients m this condition recover An example v as seen 
in a patient admitted to the South Department of the Boston City Hospital 
in August, 1895 He had antitoxin, and everjdhmg progressed favorably 
until the 12th of September, when he complained of pain in the stomach and 
had a weak pulse He passed a fairly comfortable night, but m the morning 
had persistent nausea and vomiting He was restless, with a very rapid and 

‘ Medical Commumcatior^ of Massachusetts Medical Society, 1904 
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feeble pulse, four hours afterward cyanosis appeared, the pulse becapre 
w eaker, and he died about tiventy-four hours after the commencement of the 
attack This case wms of particular interest because the patient w as appar- 
ently convalescent and yet suddenly became collapsed and died in a short 
time Acute endocarditis w as found at autopsy The pneumogastnc nerve 
w'as examined by J J Thomas and showed marked degeneration of the 
nerve sheaths which m the fibeis most affected w'ere entirely replaced by 
drops of fat In the fibers most affected no axis cylinders could be made out 
and the others showed in places sw’ollen and beaded axis cylinders The 
intensely degenerated fibers constituted approximately one-third of the 
nerve This degeneration, although it has been carefully studied by some 
observers, does not seem to be sufficiently appieciated by the profession at 
large The possibility of its occurrence during the convalescent stage of a 
comparatively mild attack cannot be too strongly emphasized 

Thomas,* from the study of 25 cases, describes the changes m the nervous 
system produced by diphtheria as (1) a marked parenchymatous degener- 
ation of the peripheral nerves, sometimes accompanied by an interstitial 
process, and hyperaimia and hemorrhages, (2) acute diffuse parenchy- 
matous degenerations of the nerve fibers of the cord and brain, (3) no 
changes, or but slight ones, in the nerve cells, (4) acute parenchymatous 
and interstitial changes m the muscles, especially the heart muscle, (5) 
occasional hyperaemia, oi infiltration, or hemorrhage in the bi am or cord, in 
rare cases severe enough to produce permanent changes, such as the cases of 
multiple sclerosis and of hemiplegia wdnch have been observed It is pro- 
bable that sudden death from heart failure is due to the effects of the toxic 
substances produced m the disease upon the nerve structures of the heart 
Diagnosis — The diagnosis of pharyngeal diphtheria is based upon 
clinical appearances and upon the result of bacteriological examination of 
cultures taken fiom the aftected parts The temperature is not particularly 
elevated In 1,000 consecutive non-fatal cases it was found that the maxi- 
mum temperature in 4 instances w as 105°, in 22 it w as 104°, in 55 it was 103°, 
and in 919 it did not rise above 102° F 

The distribution of the membrane i aries considerably It may be confined 
to the uvula or one tonsil, oi it may cover each tonsil, the uvula and the hard 
and soft palate, extending in some instances o\er the cheeks and to the lips 
The tongue is sometimes, although rarely, invaded In the fatal cases dis- 
tinct membrane has been found in the antrum of Highmore 

The blood has been studied by many observers, but no very satisfactory 
results have been reached Morse^ says “The examination of the blood 
in diphtheria is of no practical clinical importance in diagnosis, prognosis, or 
treatment It affords no information w'hich cannot be obtained more easily 
and more quickly in other w^ays ” 

The temperature and pulse rate in a fatal attack, where theie was very 
extensive membrane, sepsis, gallop rhythm, and nephritis, is of interest (Fig 
48) Fig 49 gives the temperature and pulse in a moderately severe but 
non-fatal attack 

Tonsillitis IS very frequently mistaken for diphtheria, and in many in- 
stances w'lthout the aid of cultures the error is unavoidable The exudate on 
the tonsils m the eaily stage of scarlet fever is also frequently mistaken for 

^ Medical and Surgical Report, Boston City Hospital, Ninth Senes, 1898, page 83 
^Boston City Hospital Reports, Tenth Senes > f 
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diphtheritic membrane These diseases are often associated, however, and 
a correct diagnosis is impossible without a bacteriological examination An 
error m diagnosis is often made in syphilitic sore throats and m mercurial 
stomatitis The laryngitis of a commencing attack of measles is often in- 
correctly diagnosed as laryngeal diphtheria The appearance of the throat 
and the presence of Kophk’s spots should prevent the occurrence of this 
error 



The temperature chart and pulse rate 3n a fatal attack of diphtheria 

Diphtheria may be present as a complication in any condition, but it more 
frequently occurs in measles than in any of the acute diseases, because the 
mucous membrane offers a fertile soil for the grovth of the organism 
Diphtheria also occurs with typhoid fever, with pneumonia, during the later 
stages of phthisis, and with scarlet fever Much has been said regarding 
pseudodiphtheria, but the term is misleading, as the bacillus which is the 
cause of diphtheria is not found in the exudate 

The importance of a bacteriological examination in all cases of suspicious 
sore throat cannot be overestimated Bluch has been said about the m- 
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accuracy of cultural diagnosis, and rihile mistakes may be made m the 
laboratory, the chances of error are very much less m cultural diagnosis than 
m the clinical One great source of error is carelessness m taking the culture 
The swab is simply put into the mouth and does not come in contact with the 
membrane The swab should be rubbed near the edge of the diphtheritic 
membrane and not over the centre of the patch Sometimes the swab is not 
rubbed sufficiently on the suiface of the culture medium, and consequently 
there is no grovth These may seem trivial matters, but it is well before 
criticizing the work of the laboratory to be sure that the critic himself is not 
at fault The reaction of the culture medium is sometimes the cause of a 
mistake, as the serum may be acid or very strongly alkaline Sometimes the 
seium IS perfectly dry, and when m this condition the growth is disappointing, 
as a certain amount of moisture is necessary To sum up the whole matter 
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The temperature chart and pulse rate in a non fatal attack of diphtheria 

m a few words it can be said that, m a given case, if the culture medium is 
of the proper reaction, if there is a sufficient amount of moisture, if the 
culture IS taken with care, and the tube placed in the thermostat within a 
short time after it has been inoculated, and allowed to remain there for at 
least eighteen hours, the results im11 be satisfactory The examination of 
smears from an exudate in the throat are not very satisfactory J\Iany 
instances occur where a smear gives a negative result and a culture a positive 
one It IS therefore well not to place too much dependence upon an exam- 
ination of a smear If a culture is examined after it has been in the incubator 
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only SIX houis a positive report can be accepted, but a negative one should 
not be 

Some few yeais ago the writer made an examination of 500 tin oats m 
which the clinical diagnosis was doubtful but there was a suspicion ot 
diphtheria It was found that about 40 pei cent of the cultures contained 
diphtheria bacilli A diagnosis of diphtheria m these cases would not 
have been possible without the aid of cultures It was also noticed that, in 
many instances, a positive culture was obtained twenty-four or forty-eight 
hours before any membiane appeared The most common organism found 
with the diphtheria bacillus was the Staphylococcus pyogenes aweus The 
Sti eptococcus pyogenes ivas also found in a certain number of cases 

Allusion to the importance of taking cultuies in nasal diphtheiia has 
already been made, but it is well to strongly emphasize it again 

In laryngeal diphtheria cultures aie frequently of no avail because the 
membrane is situated so far down that it is impossible to reach it with the 
swab, and, therefore, the diagnosis must be made from the clinical sjmiptoms, 
namely, rigidity of the sterno-cleido-mastoid muscles, with supraclavicular 
and substernal i etraction If the patient is intubed, or if ti acheotomy is done, 

cultui es from the intubation tube or 
from the tracheotomy tube shov the 

f resence of the bacilli of diphtheria 
n the vast majority of cases where 
there is substernal and supiaclavic- 
ular retidction, dilatation of the alee 
nasx and rigidity of the stern o-cleido- 
mastoid muscles, after excluding a 
letiopharyngeal abscess, a periton- 
sillar abscess, and a foreign grov th 
pressing on the larynx, the diagnosis 
of laryngeal diphtheria can confi- 
dently be made In a patient ad- 
mitted to the South Department of 
the Boston City Hospital, with the 
characteristic symptoms of laiyngeal 
diphtheria, no membiane was seen 
m the till oat and cultuies were neg- 
ative He was immediately intubed 
The intubation tube was rejected 
by coughing m about two minutes, 
and witli it a cast of the larynx, 
trachea, and light and left primary 
bronchus (Fig 50) Cultuies fiom 
it gave an abundant growth of diph- 
theria bacilli In an analysis of 
1,500 intubations it has been found 
that positive cultui es v ere obtained 
in only about 60 per cent 
It must be conceded that there are chances of erior in the cultural diag- 
nosis, ]ust as in every other department of medicine The bacteriologist is no 
more likely to be infallible than the clinician They must vork together 
Too much has been said about laboratory diphtheria and clinical diphtheria. 


Fiq 50 
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and the tendency has been to throw too much discredit upon the work of the 
bacteriologist It is the duty of the physician to either examine cultures or 
have them examined in eveiy case ot suspicious sore thioat, 3 ust as it is his 
duty to examine the mine m every case of acute disease 

An unnamed bacillus, the hfe-history of which has been studied by the 
writer, having a certain similarity to the bacillus of diphtheria, is not infre- 
quently found m cultures from the nose This organism is shorter and 
stouter than the bacillus of diphtheria, it is liquefying, it does not have the 
polar staining reaction, it does not stain by Gram, it is non-pathogenic for 
guinea-pigs, and when the growth is very abundant there is a distinct odoi 
of old cheese This organism is also found m cultures from the ear, particu- 
larly if there is a chronic discharge This bacillus is very frequently mistaken 
for that of diphtheria 

Hofmann’s bacillus moiphologicallv very closely resembles that of diph- 
theria, but it IS shorter and stouter It does not react to the polar staining 
of Neisser It is non-pathogemc for guinea-pigs It has been claimed by 
certain observers that this organism was an attenuated form of the bacillus 
of diphtheria, and that under suitable conditions it may acquire virulence 
This, however, has not been definitely proven, and m the light of our present 
knowledge must remain sub pidicc The examination of cultures from the 
throat must always be made with great care, for other bacilli than the bacilli 
of diphtheria are frequently found, but a painstaking examination of the 
slide will reduce the chances of error to the minimum, and the probability of 
arriving at a correct diagnosis is much greater than when dependence is 
placed on the clinical appearances alone It is very important that no anti- 
septic gargle should be used foi at least tv'o hours before the culture is taken 
If this precaution is not observed theie will be no growth on the serum, or the 
bacilli of diphtheria will grow so spaisely that they will be obseured by other 
organisms Neglect to observe this piecaution has frequently led to errors 
in cultural diagnosis 

The statement has been made that the bacillus of diphtheria is frequently 
found in cultures from the throats of healthy individuals who have not been 
exposed to diphtheria Loeffler found this organism 4 times in the exami- 
nation of cultures from 160 well children Park and Beebe found it in 8 out 
of 330, and Kober 5 times in cultures from 600 individuals Denny, of 
Brookline, hlassachusetts, found the organism of diphtheria only once out 
of 235 cultures from normal throats ^ The writer examined 130 throats with 
this point m view, and in no instance was an organism found that gave the 
same staining reaction as the bacillus of diphtheria In a few instances 
bacilli were found having morphologically a marked resemblance to the 
organism of diphtheria, but the differentiation was easily made by the stain- 
ing and cultural peculiarities 

The statement has been made that the bacillus of diphtheria is frequently 
found m the throats of perfectly w'ell persons who have the care of patients 
ill with diphtheria The writer’s experience is the opposite of this In order 
to show that the organism is not found, as a rule, m the throats of attendants 
of patients ill with diphtheria, cultures were taken from the throats of sixty 
nurses on duty m the diphthena wards of the South Department of the 
Boston City Hospital, and in no instance was the bacillus of diphtheria 
found 


^Bacteriology and the Public Health, George Newman, M D 
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Previous to the discovery of the bacillus the question of the release from 
isolation of a diphtheiia patient was a very difficult one to decide By 
cultural examination the physician is now able with certainty to say that the 
patient is free fiom infection Tivo negative cultures from the throat and 
nose should always be required In certain lare instances the bacillus may 
remain in the throat for a very long time, but in these the organism, as a rule, 
IS non-virulent and the inoculation of guinea-pigs will definitely settle the 
question of virulence As a matter of fact a cultural examination shortens 
rather than lengthens the period of isolation Goodall, Medical Superin- 
tendent of the Eastern Hospital, London, states, for the yeai 1903, that “no 
diphtheria patient has been discharged from the hospital until two conseeu- 
tive bacteriological examinations of the fauces have proved negative It was 
expected that, in consequence of this, the period of detention would he 
lengthened, but, as a matter of fact, it was shorter than in any year since 
1899, when it was 57 6 days As in that year no bacteriological examinations 
for discharge were made, all one can say at present is that these examinations 
do not appear to lengthen the period of detention of diphtheria patients in 
hospital Whether the incidence of ‘return cases’ is lessened is a matter of 
inquiry ” So far as “return cases” of diphtheria are concerned, it may be 
said that they are of such rare occurrence at the South Department of the 
Boston City Hospital as to prove the very great importance of cultures for 
tiischarge, as in no other way can it be definitely shown that the individual is 
fiee from infection Cultures for discharge should be commenced seven days 
after the disappearance of the membrane and the cessation of the discharge 
from the nose It is a waste of time and labor to take cultures any earlier, 
and if the condition of the patient is satisfactory it is unnecessary to wait any 
longer 

In the larger cities, Boards of Health have established laboratories for 
examining cultures In the country the physician must depend upon himself 
The apparatus requiied is a microscope with an oil immersion lens, an in- 
cubatoi and culture tubes The best culture medium is Loeffler’s blood 
serum, but, as it is difficult to obtain the blood, egg albumin or agar agar 
with Loeffler’s bouillon can be substituted The egg albumin is solidified in 
a coagulator, and then sterilized in the usual way When it is necessary to 
have an immediate culture, an egg can be boiled for four minutes and the 
shell chipped off The egg is then placed in a deep glass and the ordinary 
cotton plug is inserted The exposed surface of the egg can be inoculated 
with the ordinary swab and placed m the incubator Satisfactory results 
can be obtained in this way, although it is a somewhat cumbersome method 

Prognosis — The prognosis in eveiy case should be guarded It depends 
upon the location and extent of the membrane and upon the later symptoms 
The temperature is of no assistance m the majority of instances in making 
a prognosis An extensive and rapid formation of membrane is always a 
sufficient cause for an unfavorable prognosis Age is an improtant factor in 
deciding the lesult in a given case The two extremes — infancy and old 
age — should always be taken into consideration, as the death-rate at these 
periods is alvays high The rapid disappearance of the membrane is a 
good indication, its persistence an unfavorable one Necrosis of the 
mucous membrane near the site of the exudate is a very grave symptom 


' Annual Report of the Metropolitan Asylums Board 
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A profuse discliaige from the nose is sufficient reason to fear a fatal termina- 
tion Delirium, -whethei violent or of the low muttering type, is of the 
gravest import Htmorihage from the mucous surfaces, if profuse, is 
generally followed by death Spots of ecchymosis appearing as minute 
points and rapidly extending are the foreiunners of death A rapid pulse 
with gallop-rhythm and a veiy slow pulse with feeble heart sounds render a 
fatal termination certam Vomiting at the outset of the attack is not a 
serious symptom but nausea and vomiting late m the course or during 
apparent convalescence are always an indication of a very serious condi- 
tion It may be emphatically stated that an unexplained attack of vomiting 
during the convalescent stage is sufficient cause for an unfavorable prog- 
nosis Cervical adenitis, v hether occurring early or late, is not particularly 
unfavorable If suppuration takes place, although convalescence may be 
prolonged, unless theie is very deep and extensive burrowing of pus, which 
is rare, the life of the patient is not m jeopardy 

Pneumonia and bronchopneumonia are always grave complications 
The prognosis must depend upon the extent of lung tissue involved, with 
the qualification that any inflammatory process occurring in the lung in the 
course of diphtheria is much more serious than when it occurs in other 
diseases or idiopathically 

Nephritis, if severe, must always be considered a serious indication, and 
daily examinations of the urine should be made, not only to detect the 
presence of albumin and casts, but also to determine the quantity of urea 
eliminated There is alv ays a certam amount of albuminuria m diphtheria, 
but death from this cause is not of very frequent occurrence 

Paralysis should always cause apprehension — depending on its extent 
Palatal paralysis may interfere with deglutition to such an extent as to 
prevent the ingestion of sufficient food and expose the patient to the danger 
of an inhalation pneumonia Heait complications are always a cause for 
anxiety The significance of gallop-rhythm, so far as a fatal issue is con- 
cerned, cannot be too strongly emphasized A sudden slowing of the pulse 
rate is an indication of the failure of the heart’s action and consequent death 
Empyema, although it rarely occurs, is a sufficient reason for an unfavorable 
prognosis 

In laryngeal diphtheria, after the stenosis has been relieved by operative 
interference, the possibility of bronchopneumonia should always be con- 
sidered, and if it occurs the prognosis is always unfavorable If the mem- 
brane is extensive, even if it has exfoliated, recovery should be considered 
doubtful Septic infection is always a serious complication, and is frequently 
the most important factor in causing death in the early stages The average 
death-rate m this country varied from 30 to 60 per cent previous to the 
introduction of antitoxin When an outbreak appeared in rural districts, 
the mortality rate was always very high Bayeux gives the mortality rate of 
diphtheiia previous to the introduction of antitoxin as 55 per cent 

Prophylaxis — As diphtheria is an infectious disease, in order to dimmish 
its prevalence, it is important that infected individuals should be isolated 
The room should be stripped of all hangings The carpet and all furniture 
not absolutely required should be removed Although the danger of the 
germs being carried by fomztcs is not so great as m some other infectious 
diseases, these precautions should always be taken, for the smaller the num- 
ber of things to be disinfected, the less the danger of inefficient disinfection 
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The area of infection of diplitlieiia is comparatively small, and therefore 
a patient can with care be sufficiently isolated m a house occupied by one 
family The great danger of infection arises not fiom the patients vho are 
seriously ill, but from the mild and unrecognized attacks of the disease, 
principally of the nasal type 

The effect of these mild cases in increasing the prevalence of diphtheria, 
particularly m the public schools where children are brought m close contact, 
IS manifest (Fig 51) It will be seen that during the months of July and 
August, when the schools were not in session, the number of cases reported 


Fia 61 



Cases of diphtheria in Boston Mass by months, reported to the Board of Health from 1890 to 

1904 inclusive 

was very considerably less than during term time It is noticeable that the 
falling off in the number from June to July is very marked, and it is also a 
significant fact that the increase commences in September as soon as the 
schools are open, and also that the increase from October to November is 
very marked It has been claimed that this increase from September was 
due to meteorological conditions, but this is not tenable, because in Septem- 
ber, October, and Novembei the climatic influences are not sufficient to 
explain the prevalence of the disease, any more than they would explain the 
diminution in the number of cases during February and March The 
obvious conclusion is that there should be a careful medical inspection of 
schools in order that all children with mild attacks of diphtheria should be 
excluded, v Inch would be a very important factor in diminishing the prev- 
alence 
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Disinfection of the clothing and bed-hnen is important, and, although this 
can be done with coirosive sublimate and boiling at the home of the patient, 
it could be much more satisfactorily performed if municipalities would 
establish sanitary wash-houses and dismiecting stations to which the infected 
articles could be sent hlucli has been accomplished m this way by the 
sanitary m ash-house established m Glasgow a few years ago Disinfection 
of the room after recovery is a difficult problem, particularly m a tenement 
house Most of the disinfection as now done is not effectual Jf possible 
the ceiling, walls, and floor of an infected room should be w^ashed with 
corrosive sublimate If the walls are papered, they can be rubbed w'lth 
bread, the soft part of the bread acting like the bustles of a brush and the 
crust as the handle It is prefeiable, however, to remove the paper and 
1 epaper and repaint the i ooiii F ormaldeh 3 'de m a gaseous form, if generated 
in sufficient quantity and if the room is tightly sealed by means of paper 
pasted around the w mdow'-frames and door-casings, is an effectual mode of 
disinfection If theie is any clothing m the looni to be disinfected by 
formaldehyde, it must be loosely hung on the backs of chairs or on suitable 
racks Foimaldehyde has no penetrating powder As illustrating this fact, 
the writer made the following experiments Cultures from diphtheiia 
patients, cultures of the typhoid bacillus, and cultures of the pus cocci, w'ere 
placed on pieces of cloth and at the same time similar cultures w^ere placed 
m the pockets of coats The loom w'as tightly sealed and the formaldehyde 
w'as generated by a Tiillat’s autoclave It w'as found that, wdiile the cultures 
exposed directly for tw'enty houis to the gas w'ere sterile, those placed m the 
pockets of the coats showed abundant growths of the different organisms 
Harrington*^ arrived at similar results m his experiments The , conclusion 
reached by the majority of investigators is that formaldehyde is a most 
powerful and practical disinfectant for laige air spaces, but that it has no 
penetrating power It is important that a sufficient amount of the gas 
should be generated, and it is equally important that the room should be 
very tightly sealed The neglect of carefully doing this is responsible for 
the failure m this method of disinfection The statement has been made that 
formaldehyde is not dangerous to animal life A more incorrect observation 
could not be made If sufficient formaldehyde is geneiated to destroy the 
microorganisms of disease, it must necessarily destroy animal life In a 
senes of experiments by the WTiter, rabbits were placed m a room that w'as 
to be disinfected by this method and died m from two to three hours 
There are many different apparatuses for generating formaldehyde, 
some are expensive, others quite cheap, some are effectual and others are 
useless The Trillat autoclave is a A'ery good apparatus Lentz’s generator 
is very useful Schenng’s paiaform lamp is perhaps as good an apparatus 
as can be used The simplest, and also an effectual, method of generating 
formaldehyde is that adopted by the Maine Board of Health, w'hicli consists 
of mixing potassium permanganate w'lth a 40 per cent solution of formalin 
The potassium permanganate should be the commercial and not the chemi- 
cally pure No special apparatus is required An ordinary tin dish withflaring 
sides can be used The quantity of permanganate for each pint of formalin 
is six and one-half ounces It is very important that the permanganate be 
put into the dish first, and then the formalin solution poured over it It is 

^Practical Hygiene, by Charles Harrington, M D , 1905 
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taken for granted that the loom has been tightly sealed As soon as the 
formalin is placed in the receptacle, a lapid exit must be made, because the 
gas IS geneiated very quickly The room should remain closed for twenty- 
foui hours and then be thoroughly aiicd The quantity of the 40 per cent 
solution of f 01 malm and of the potassium permanganate to disinfect 500 
cubic feet of space is one pint of the former and six and one-half ounces of 
the latter 

Steam undei piessure is the best method of disinfecting mattresses and 
woolen material In many of the large cities, both in this country and in 
Europe, steam disinfecting plants have been established In some parts of 
Europe a square chamber is used In this countiy a cylinder is the favoiite 
mode of construction The advantage of the latter shape is that a cylinder 
that ■will stand a piessure of fifteen pounds to the square inch can be more 
easily constructed than a square or oblong chamber A portable steam 
disinfector which weighs about the same as a steam fire-engine has been 
devised This apparatus, although not suitable for cities, can be used to 
great advantage in sparsely settled districts, and could be owned and operated 
by three or four adjoining towns 

The disinfection of upholstered furniture is a difficult problem Immersion 
in boiling naphtha is a satisfactory method As the boiling point of naphtha 
IS about 140°, a temperature sufficient to kill nearly all bacteria after an 
exposure of two hours, and as the melting point of glue is 212°, it is evident 
that the glued parts of the furniture Avould not be injured A few experi- 
ments have demonstrated the truth of the foregoing statement So far as is 
known, this process has not been adopted m this country to any extent 

Sunlight is one of the most efficient disinfectants Experiments have 
shown conclusively that many of the pathogenic microoigamsms are de- 
stroyed by exposure to the direct rays of the sun for two or three days It is, 
therefore, evident that in the country, where the necessaiy appaiatus for 
disinfection is not obtainable, much can be accomplished by the direct 
exposure of the clothing of the patient to sunlight Disinfection can never 
take the place of cleanliness, fresh air, and sunlight, although this fact is not 
fully appreciated by the general public 

Domestic animals may be sources of infection Cats and dogs may 
contract diphtheria from a child ill with this disease, and m turn communi- 
cate it to othei children Seveial instances have occurred where cultures 
from cats and dogs showed the presence of the bacilli of diphtheria, and it 
was definitely proved that these animals had communicated the disease to 
human beings The conclusion is ob'nous, — that cats and dogs should 
always be excluded from the room where a patient is ill with diphtheria 
The role that domestic animals play in the propagation of contagious disease 
has not been sufficiently appreciated by Boards of Health in this country 

Personal Prophylaxis — ^A few words regarding personal prophylaxis 
may not be inadmissible The physician and nurse who have charge of 
diphtheria patients should be careful regarding the patient coughing into 
their faces In tracheotomy cases, while dressing the wound, or cleaning 
the tube, it is well to wear glasses All abrasions on the hands should be 
carefully protected Cloths used for handkerchiefs should be immediately 
burned or placed in a sterilizing solution It is not advisable to wear a 
gauze muzzle, because the aiea of infection of diphtheria is slight, the 
medium of communication being the discharge from the nose and mouth 
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The wntei made an investigation on this point and found that the dust in 
diphtheria V aids did not contain diphtheiui bacilli Cultures were taken 
from the ledges of windows, the ventilatois and the floois, and in no instance 
were diplitheiia bacilli found To deraonstiate that diphtheria is not an 
air-boine disease, flasks of bouillon through winch the air of the diphtheria 
wards nas pumped for an hour weie used It was found that, although the 
bouillon after having been m the incubator foi twenty-four houis showed 
an abundant growth of different organisms, principally the Bacillus suhiihs 
and cocci, no diphtheria bacilli were detected Flies are not the carriers 
of infection, as has been demonstrated by experiments by the writer of which 
it is unnecessaiy to give a detailed account, but they were sufficient to 
demonstrate the truth of the foregoing statement 

Susceptibility — ^The subject of susceptibility is germane to that of 
prophylaxis The young are particularly susceptible The statement has 
been made that nursing infants very rarely contract this disease but such is 
not the case If a nursing child is brought into immediate contact ii ith an 
individual ill vith diphtheria, there is very strong probability that he will 
contract the disease The comparative immunity of nursing infants is due 
not to lack of susceptibility, but to the fact that they are more carefully 
protected and less likely to be exposed Advanced age does not necessarily 
give immunity The comparatively small number of elderly individuals 
attacked with diphtheria is explained by the fact that at this epoch of life 
more care is exercised in the indiscriminate use of handkerchiefs and m 
promiscuous kissing Kissing, and the transfer of chewing gum from one 
individual to another, have been the cause of outbreaks of diphtheria in 
several instances 

Adenoids and hypertrophied tonsils increase the susceptibility of the 
individual, and when these conditions obtain the importance of operative 
interference is evident An individual who is subject to repeated attacks of 
tonsillitis is particularly susceptible to dijilitheria The general condition 
has no influence on susceptibility the most robust are just as likely to 
contract the disease as the most delicate At the South Department during 
the past nine years, of the 460 nurses on duty in the diphtheria n ards, 30 
per cent contracted the disease As these women were supposed to be in 
good health, it is evident that the statement just made regarding suscepti- 
bility of robust individuals is founded on fact and not on theoiy 

Treatment — General — Attention should be given to the hygienic 
surroundings, and fresh air and sunlight are important aids Allusion has 
already been made to the importance of isolation The physician m making 
his visits should wear a gown, and should be careful to wash his hands in a 
solution of corrosive sublimate after having seen the patient 

The diet during the acute stage should be liquid— milk and broths Milk, 
however, is the most satisfactory and should be given m sufficient quantities 
at least everj four hours, and oftener if desiied If there is nausea, pep- 
tonized milk or lime water and milk can be used If no food can be retained, 
rectal enemata consisting of milk and egg can be used Feeding every 
fifteen minutes is always to be avoided m diphtheria The patient must not 
be annoyed by injudicious attempts to induce him to take food and stimu- 
lants at short intervals Overzealousness in this particular has undoubtedly 
caused many deaths Ice-cream is frequently very grateful and can be given 
m unlimited quantities Alcohol m the severer cases is of much benefit, and 
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liiskv or brandy can be given in as large doses as the stomach will bear 
It IS impossible to state definitely the quantity that should be given at eacli 
dose A moderate dose may be administered at fiist, and giadually increased 
according to the condition of the stomach It is surprising the amount of 
alcohol that a patient ill with septic diphtheria will take with positive benefit 
Champagne, as a rule, is not well borne but in exceptional cases may be 
gn en v ith benefit Digitalis in doses proportioned to the age is sometimes 
of benefit at the commencement, but m the later stages is much more likely 
to do haini than good, particularly'' when there is beginning degeneration of 
the heart muscle oi cardiac neives The bowels should be kept open by 
mild cathartics, and the best agent is calomel in small and fiequently 
repeated doses Diuretics, if theie is albuminuria, are to be avoided, but 
it IS well to give a considerable quantity of w'ater if there is no nausea 
Coriosive sublimate m very small doses sometimes is of benefit, but it should 
be given with the utmost care It is well to commence with of a gram 
for a child five years old and proportionate doses for younger children 
Jacobi speaks very highly of this mode of treatment, and it certainly is of 
advantage in some cases Antipyretics should not be given, for not only 
are they injurious to the patient, but there is no special reason for their use, 
as the temperature in diphtheria, except in rare instances, is not specially 
ele'\ated Pilocarpine is inadmissable on account of its debilitating effects 
Tincture of chloride of iron is advised but the advantage derived from its 
use IS problematical Sometimes, W'hen the patient is violently delirious, 
a small dose of morphia may have a quieting effect, but this drug should 
alv ays be given w itli the utmost caution Strychnia is a most useful stimu- 
lant and can be administered to very young children in proper doses w’lth 
great ad^ antage When there is a collection of mucus in the intubation tube, 
atropine can be given w'lth seeming benefit, but a second dose should not be 
gn en until the effect of the first has passed oft In collapse, nitroglycerine 
w ill frequently be of use for a time, but its effect is transient For a better 
understanding of the doses of the four drugs just mentioned, the following 
table taken from Roich’s Pediatrics is appended 


Age 

Tincture 

Digitalis 

Strychnine 

Nitroglycerine 

1 per cent 
solution 

Atropine 


Minim 

Gram 

Minim 

Gram 

3 months 

to -5 

— 5 — to — - — 





2000 tOOO 

75 60 

3000 1600 

G months 

^ to ^ 

— — to — ^ 
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1500 500 

25 16 

2000 1000 



* to ’ 

1 to ’ 

* to ’ - 



1000 '' 300 

25 10 
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’ to ’ 

1 to 1 
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500 250 

2 5 5 

1000 500 

2 jears 

^to2 

to-^ 


-A— to -A— 



GOO 150 

16 3 


3 jears 

to 3 

-A- to 


— ^ tn — ^ 



300 100 

10 2 

600 200 

4 to 10 jears 

1 to 5 

200 GO 

2-tof 

-1- to — 

10 to 12 jears 

3 to 8 

ikiois 

|to 1 

to - 

200 ^ 100 
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It IS well to bear in mind that diphtheria is a debilitating disease, and 
therefore food and stimulants that can be the most easily assimilated should 
be given 

In septic cases with marked failure of the action of the heart the injection 
of a pint of normal salt solution is frequently of great use The writer has 
seen instances of recovery of apparently moribund patients after this treat- 
ment It IS important that the patient should reinam in bed for a consider- 
able time, even after apparent convalescence is established 

Local Treatment — In studying the history of diphtheria one can not 
help being impressed with the number of different remedies that have been 
used for the removal of the membiane Many of these have done more harm 
than good Any local application that causes pain to the patient is positively 
harmful All that can be done is to cleanse the mouth in the easiest way 
possible without evhaustmg the strength of the child Loeffler’s solution 
(menthol, 10 giams, dissolved m toluol to 36 cc , hq fern sesquichlorati 
4 cc , and absolute alcohol 60 cc ) is a very good application It can be 
used with a swab of absorbent cotton, and does not cause irritation Irri- 
gation with corrosive sublimate 1 to 2,000 is often of use Boracic acid 
iirigation frequently gives relief, irrigation with noimal salt solution cleanses 
the mouth and removes all detached pieces of membrane Irrigation is done 
by turning the child on the side and introducing the nozzle of a fountain 
syringe, the force of the stream being regulated by the elevation of the bag 
Children will not use gargles and are frightened by sprays, but very soon 
become accustomed to irrigation and submit to it without struggling Pei- 
o\ide of hydrogen has been used to a very great extent It is doubtful how 
much gooa has been accomplished by it Papayotin m 5 per cent solution 
has been used as a direct application with a sponge or brush Lactic acid 
has been used for removing the membrane and certainly does no haim, but 
the amount of good that it accomplishes is doubtful Dobell’s solution 
either as a spray or as a gargle sometimes seems to be of benefit If dysphagia 
is marked, painting the fauces with a 1 to 2 per cent solution of cocaine wall 
frequently give relief, but it has no effect on the diphtheritic membrane 
When there is profuse dischaige from the nose the nostiils should be 
thoroughly cleansed wath a sw'ab w'et wath some mild antiseptic solution, 
and then calomel insufflated The nasal douche is to be avoided on ac- 
count of the danger of its causing middle ear disease A few' yeais ago it 
was the waiter’s practice to use the nasal douche in all cases wdiere there 
w'as a profuse discharge from the nose, but this treatment increased the 
number of cases of trouble m the middle ear It has, therefore, been 
discontinued, with the result that otitis media has been veiy much less fre- 
quent 

Cervical adenitis is very frequently relieved by the application of ice 
Sometimes, particularly with children, w'arm applications, such as corrosive 
sublimate or creohne poultices, are more grateful If suppuration takes 
place, early incision is imperative In rare instances pus may burrow under 
the deep cervical fascia and deep incisions may be required but this is the 
exception A bulging of the membrana tympani demands paracentesis 
This condition occuis in about 4 per cent of all cases A mastoiditis char- 
acterized by a rise in temperature, oedema, and tenderness behind the eai, 
requires prompt operative interference Because the patient is ill wath 
dmhtheria, there is no reason why the operation should be postponed 
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Inflammation of the mastoid cells is of rare occunencc, but the piobability 
of tins complication must be borne in mind 

The treatment of postdiphthentic paraljsis must be expectant Electric- 
ity does not do any good Stiychma and non as geneial tonics are useful, 
but the important things in the treatment of this sequel are rest m bed and 
nourishing diet If the palatal paralysis is so marked as to interfere to any 
great extent ii itli deglutition, resort must be had to oesophageal feeding 

Serumtherapy — Behring, Roux, Martin, Chaillou, and Yersm experi- 
mented for a long time before arriving at definite conclusions regarding the 
effectnitj’' of the serum of animals rendered immune to diphtheiia by con- 
stantly increasing doses of the toxin, in the treatment of this disease In the 
latter part of 1890 Behring made the statement that the serum of animals 
immune to diphtheiia was an important remedial agent in the treatment of 
the disease The first use of the serum on man was not particularly success- 
ful because the antitoxin was not of sufficient stiength I^ater, however, 
Behring, Ehrlich, Roux, and Martin, increased the strength of the serum and 
had gratifying results The most comprehensive account of the investiga- 
tions on antitoxin was given by M Roux at the International Congress of 
Hygiene and Demography at Budapest in 1894 The statistics that he gave 

V ere remarkable He stated that in certain hospitals where the death-rate 
from diphtheiia had been 58 per cent before antitoxin was known, since its 
ad\ ent the rate had fallen to 20 per cent It is a matter of common exper- 
ience that, pievious to 1894, every physician in the country who had to deal 
■with diphtheria felt that he had a hopeless problem to solve, and therefoie 
the reports that came fiom the other side of the water of the beneficial results 
of the serum treatment were received •with scepticism at first, then with 
partial belief, and, later, when it was fully demonstrated that antitoxin was 
instrumental in decreasing the death-iate, with full belief in its efficacy 

Bayeux, in his monograph on diphtheria, makes the statement, based 
upon an analysis of 230,000 cases reported from all parts of the world, that 
the death-rate of diphtheria before antitoxin was used was 55 per cent and 
that since the advent of the serum it has fallen to 16 per cent 

Boston, Massachusetts, has suffered more from diphtheria than any of 
the huger cities in this countiy Why diphtheria has been more prevalent 
in Boston than m any other city has not been satisfactorily explained The 
death-rate at the Boston City Hospital, pioper, befoie antitoxin was used, 
from 1888 to 1894, i^as 43 20 percent The death-rate from 1895, in the 
latter part of which year the South Department was opened and antitoxin 
given to every patient ill with diphtheria, to 1904, inclusive, was 11 84 per 
cent 

Fig 52 sho'W's the per cent of mortality of diphthena at the Boston City 
Hospital, proper, and at the South Depaitment from 1888 to 1904, inclusive, 

V ith the per cent of mortality of intubations for the same time By folloiving 
the full black line it v ill be seen that previous to 1895 the death-rate varied 
from 46 per cent in 1888 to 48 per cent in 1893 In 1890 and in 1894 the 
death-rate ■was 36 and 38 per cent , respectively In 1895, in the latter part 
of ■which year the South Department was opened, the death-rate fell to 14 
per cent In the earlier part of 1895 antitoxin ■w as given to a certain extent 
and there ■was a marked d’mmution in the death-rate In 1896 the death- 
rate ■was 14 per cent , and since that time it has diminished gradually to 9 5 
per cent This diminution from 14 per cent may be explained by the 
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administration of large doses of antitoxin to patients already apparently mori- 
bund and also by the tact that patients are now admitted to the hospital earlier 
in the course of the disease than during 1895 and 1896 It has been stated 
that the death-rate in 1904 was 9 5 per cent , but it is of interest to note that if 
the deaths that occurred within tn enty-fourhours of admission are eliminated, 
of which there were forty, the actual mortality of diphtheria amenable to 
treatment is found to be for the year 6 95 per cent In Fig 52 the broken line 

Fig 52 
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Percent of mortality of diphtheria at the Boston City Hospital proper and at the South Depart- 
ment from 1888 to 1904 inclusive Per cent of mortality of intubations for the same time 1888 
to 1894 no antitoxin 1895 to 1904 antitoxin 

represents the moitahty percentage of intubation cases, and it will be found 
by looking at the chart that the mortality rate of intubation cases previous 
to the use of antitoxin varied from 78 to 86 per .-ent On the othei hand, 
from 1895 to 1904, the mortality rate of operative cases of laryngeal diph- 
thena varied from 64 to 26 per cent Since 1899 the death-rate m the opera- 
tive cases at the South Department has varied from 33 to 26 pei cent In 
1903 the death-rate was 26 61 per cent and in 1904 it was 30 and a large 
fraction To state these facts more succinctly m the seven years at the 
Boston City Hospital, proper, from 1888 to 1894, inclusive, more than three- 
fourths of patients with larjmgeal diphtheria requiring operative interfer- 
ence died, while from 1895 to 1904, particulaily since 1900, nearly three- 
fourths recovered This diminution in the mortality rate can only be 
explained by the use of antitoxin In the annual report of the Mctiopohtan 
Asylums Board of London for 1903, it is stated tliat at the eleven hospitals 
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under the junsdietion of this Board, -nhere 4,839 patients were treated with 
antitoxin, the death-rate from diphtheria was 10 18 per cent If in the same 
hospitals the death-rate from the traeheotomy cases foi 1903, which iias 
31 82, IS compared nith the death-rate of the intubation cases at the South 
Department lor the same } ear, -ftliich was 26 61, it will be seen that there is 
a diminution of 5 per cent in the intubation cases at the South Department 
as compared with the tracheotomy cases at the London hospitals In the 
London hospitals there were 176 traeheotomies and at the South Depart- 
ment w'ere 139 intubations during the year 

The effect of antitoxin and hospital treatment on the death-rate of Boston 
IS show n by Fig 53, w hich indicates the ratio of mortality of diphtheria per 

Fia 63 



Eatio of mortahtj of diphtheria per 10 000 of the population in Boston from 1875 to 1004 inclusive 

10,000 of the population for thirty years, from 1875 to 1904, inelusive It 
will be seen that for the twenty years from 1875 to 1894 before antitoxin wvis 
used, the rates of mortality ranged from 21 78 to 6 23, w itli an average for 
+his time of 14 46 per 10,000 of the population If a comparison is made 
for these tw enti 's ears w itli the nine years commencing wnth 1896 and ending 
with 1904, it will be seen that in only one "^ear of the twenty w'as the death- 
rate as low^ as it has been from 1896 to 1904, inelusive The year 1895 is 
purposely omitted because the South Department w as not in operation until 
August 31st of that year Since 1896, wdien the ratio of mortality w as 9 80 
per 10,000 of the population, it has gradually fallen, wnth the exception 
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of one year when it was 9 57, an epidemic year, to 3 35 per 10,000 of 
the population, the rate for 1904 This reduction in the mortality rate is 
the legitimate result of the general administration of antitoxin and hospital 
treatment For the twenty years fiom 1875 to 1894, the average ratio of mor- 
tality per 10,000 of the population in Boston was 14 46, while that from 
1895 to 1904, inclusive, was 6 42,— a diminution of nioie than one-half 
In order to derive the gieatest possible advantage fioni antitoxin it should 
be given at the earliest possible moment in the course of the disease, even 
before the membrane has commenced to form It is at this time, when there 
IS a certain amount of congestion of the mucous membrane of the throat 
that a bacteriological examination is of great use, because almost invariably 
at this stage a positive culture will be obtained If antitoxin is giien at 
once, it will pi event the formation of membrane This has been jiroved 
by numerous experiments in the laboratory It has also been demonstrated 
by experience 

Unfortunately the physician, as a rule, is not called until there is a certain 
amount of membrane in the throat, and much valuable time is lost In the 
report of the State Board of Health of Massachusetts for 1902 is an interesting 
table giving the fatality per cent of diphtheria according to the day of the 
administration of antitoxin In 1,433 cases in nliich antitoxin nas given on 
the first day the mortality was 7 9 per cent , v hen the serum n as given on 
the second day in 3,284 cases, the percentage was 6 2, uhen it was given 
on the third day in 2,654 cases, the percentage u as 9, on the fourth day in 
1,687 cases, the percentage was 12 9, on the fifth day in 864 cases, the rate 
was 15 9 per cent , on the sixth day and later m 1,242 cases, the percentage 
was 17 6 It must be taken for granted that, when it was stated that anti- 
toxin was given on the first day of the disease, the chances are that, in many 
instances, the physician did not see the patient until the second day, when 
the symptoms were pronounced, but even uith this source of enor, the 
importance of the eaily administration of the serum is demonstrated At 
the South Department there have been 190 cases of diphtheria among the 
doctors, nurses, and employees since September 1, 1895, and there has not 
been a death, uhich is due unquestionably to the fact that antitoxin uas 
administered m large doses at the outset of the attacks e^en in many in- 
stances before there was any membrane apparent, but where the mucous 
membrane of the throat presented the peculiar congested appearance which 
is characteristic of the first stage of the disease 

MacCombie, in the Annual Report of the hletropohtan Asylums Board, 
London, for 1893, gives some interesting figures illustrating the advantages 
of the early administration of antitoxin He says that from 1897 to 1903, 
inclusive, of 187 cases treated on the first day of the disease the percentage 
of mortality was 0 Of 1,186 cases treated on the second day of the disease 
the mortality for 1897 was 5 4 per cent, for 1898, 5, for 1899, 3 8, foi 1900, 
3 6, for 1901, 4 1, for 1902, 4 6, for 1903, 4 2 Of 1,233 cases treated on 
the third day for the corresponding years the percentages were 11 5, 14 3, 
12 2, 6 7, 11 9, 10 5, 17 6 Of 963 cases tr'Bated on the fourth day for the 
same years the percentages were 19, 18 1, 20, 14 9, 12 4, 19 8, 16 7 Of 
1,260 cases treated on the fifth day and after, the percentages are 21, 22 5, 
20 4, 21 2, 16 6, 19 4, 17 3. It is an interesting fact that the mortality, 
when treatment A as delayed to the fifth day and afterward is four times, 
and in some cases five times, as great as when antitoxin was given on the 

^OI. 2—28 
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second day of the disease The statement has been made by certain ob- 
servers that antitoxin is not effectual after the fourth or fifth day of the 
disease, but the foregoing figures prove that it may be of immense benefit 
after the fifth day and later 

Theobald Smith, v ho prepares the antitoxin for the State of Massachu- 
setts, gives the following account of his method “At jiresent the horse is 
umversalh employed to yield diphtheria antitoxin after a prehmmaiy period 
of immunization with the toxin Such animals must be free fiom any 
organic or infectious diseases, and mallein is employed to determine the 
presence or absence of latent glanders 

“The toxin used in the process of immunization consists of a bouillon 
culture of the diphtheria bacillus from which the bacilli themselves have been 
remo^ ed by sedimentation oi preferably by filtration The bacilli during 
the course of multiplication set free the diphtheria poison or toxin into the 
culture fluid After one or more weeks of incubation the toxicity of the 
culture IS at its maximum and it is then removed and stored for futuie use 
“The immunization is usually carried out by injecting subcutaneously at 
the start minute doses of this toxin and gradually increasing the dose, until 
the animal can stand, v ith but slight febrile and local reaction, doses ranging 
from 200 to 500 cc After this preliminary tieatment, which requires about 
three months, a little blood is drawn and the serum tested to determine the 
degree of antitoxic pover which it has acquired If this proves satisfactory 
the horse is bled regularly every four weeks, leceiving in the meantime doses 
of toxin to maintain the toxin-neutrahzmg power of the serum on a satis- 
factory level 

“Horses differ markedly in antitoxin-producing power Only a relatively 
small number yield antitoxin of a high potency undei ordinary treatment 
and for long periods of time Some horses may be made to yield a satis- 
factory serum, under conservative management, for four or five years 
Others are debarred at the outset on account of inadequate toxin production 
“The \\ ithdrawal of blood is carried out v ith the usual aseptic precautions 
A trocar v ith canula is inserted through a small skin incision into the jugular 
vein and the blood al'oved to flow through sterile tubing into sterile glass 
jars From five to eight liters are withdrawn each time 

“After the coagulation of the blood the serum is withdrawn, passed through 
Berkefeld filters into large bottles and stored until needed Various anti- 
septics aie added to the serum Some add none Chloroform in amounts 
not exceeding three-tenths per cent has been found very satisfactory for 
the conditions goi erning free distribution in jMassachusetts 

“Each lot of filtered serum is tested to determine its efficiency Different 
quantities of the serum are mixed with that amount of toxin, which, accord- 
ing to special tests, is knoivn to completely neutralize a standard Ehrlich 
unit of antitoxin This mixture is injected into guinea-pigs, and the strength 
of the serum tested is estimated according to the result obtained The serum 
is also tested bacteriologically for sterility and injected into guinea-pigs, 
although this latter test is hardly called for since the serum is usually kept 
so long after v ithdrawal that any disease latent in the horse at the time the 
blood IS dravn (such as tetanus) would be detected m time for the rejection 
of the serum 

“Antitoxic serum, when kept in the cold and dark, dctciioiates but very 
slow ly The sera of higher potency lose strength more rapidly than those of 
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lower potency Precipitates usually form after a time, winch are harmless, 
but which are occasionally mistaken by physicians for bacterial growth 
The standardization of antitoxin, by which is meant the estimation of the 
strength of the serum, is a complex, process According to Neix man, Ehrlich 
has adopted as the immunity unit the amotmt of antitoxin serum wdiich will 
neutralize a hundred times the minimum lethal dose of toxin, the serum and 
to\m being muxed together, diluted up to 4 cc , and injected subcutaneously 
A normal antitoxin seium is one of which 1 cc contains an immunity unit 
An antitoxin unit is not a definite amount, but is that amount, be it gi eater 
or smaller, that wull neutralize a given quantity of the toxin of diphtheria of a 
certain definite strength, and for this reason the dose is estimated by units 
and not by definite quantities 

Mode of Admimstration — Antitoxin is injected into the subcutaneous 
cellular tissue The back near the angle of the scapula is the most desirable 
place, because m this locality the tissues are lax and, if unfortunately an 
abscess is caused, pus does not burrow to any great extent Injections should 
not be given m the thigh, because the tissues are tense and the pressure of 
the fluid, therefore, causes great discomfort If an abscess forms m this 
locality there is serious trouble from the burrowing of pus Injections m the 
abdomen are inadmissible because they give discomfort It haidly seems 
necessary to say that the injections should never be given in the arms or 
legs, xvere it not for the fact that the w'riter has seen serious trouble follow 
injections in these places The intravenous injection of antitoxin has been 
advised, but theie is no paiticular advantage m it, as the scrum is readily 
absoibed in the subcutaneous cellular tissue Antitoxin has been given by 
the mouth, but this method of administration is unscientific, utterly useless, 
and cannot be too strongly lepiobated 
Tiie syringe should be thoroughly steiilized by boiling and the site of the 
injection cleaned with the same care as for a surgical operation A fold of the 
skin IS taken up between the thumb and foiefinger of the left hand, and the 
needle plunged quickly into the subcutaneous cellular tissue When this is 
done there is comparatively little pain The serum should be injected 
slowly and the tumor caused by it should be alloxved to subside xvithout 
rubbing There aie veiy many different syringes devised for this purpose 
The simpler the syringe the bettei The one used at the South Depaitment 
is of glass wuth a glass piston and asbestos packing (Fig 54, a) The needle 
IS attached by means of rubber tubing This is important, because the plia- 
bility of the tubing allow's a certain amount of motion if a patient struggles, 
and theiefore diminishes the liability of breaking the needle or the syringe 
Luer makes a very good syringe wnth a ground glass piston (Fig 54, h ) , the 
only objection to it is its expense The piston should be removed from the 
barrel and the serum poured into it, because it is difficult to draw fluid 
through the needle The piston should then be inserted, the syringe elevated 
and all air driven out It is reasonable to suppose that some of the accidents 
that have been attributed to the injection of antitoxin have been caused by 
neglect of this precaution The puncture should be sealed xvith absorbent 
cotton and collodion 

Dosage —In seiumtherapy the dose cannot be fixed by definite rules 
Laboratory experiments do not give any assistance because it is knowm just 
how' much of the toxin is to be antagonized by antitoxin, wdiereas in the 
treatment of the disease there is no knoxvn method of estimating the quantity 
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of to\m Experience, and the clinical study of a large number of cases, are 
the only grounds on ^^hlch sound conclusions can be reached In the eaily 
dajs of antitoxin the doses were too small, for, as an unknown quantity was 
being used, the legitimate fear of doing harm w'as alw ays present As time 
went on and as there were no injurious effects due to the use of the serum, 
the dose has been gradually increased The same rule holds good with 
antitoxin as wnth any other diug, namely, that the remedy should be given 


Tia 04 



a SjTinge in use at the South Department Boston 6 Luerssjringe 

until the full therapeutic action is apparent The duration of the attack of 
diphtheria has a very important bearing on the quantity to be administered 
Statistics have already been given regarding the results obtained in the early 
administration of antitoxin At the outset, if there is very marked congestion 
of the throat, even if theie is no membrane or only a small patch, 4,000 units 
should be given Except in very young children, age should have no influence 
on the dose At the end of four or six hours, a second dose of the same size 
should be administered, and this should be repeated until the membrane 
has exfoliated and the congestion of the throat has disappeared If there is 
very extensne membrane when the patient is seen for the first time, 8,000 or 
10,000 units should be given, which should be repeated every four or six 
hours until the characteristic eflect of the serum is produced, namely, 
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shrivelling of the membrane, diminution of the nasal discharge, a correction 
of the foetid odor, and general impiovement No patient ill with diphtheria 
in the acute stage should be consideied m a hopeless eondition, but anti- 
toxin should be given in laige doses until he commences to improve or 
succumbs to the disease When one sees a patient v itli membrane covering 
the tonsils and uvula, a profuse sanious dischaige from the nose, spots of 
ecchymosis on the body and extremities, cold clammy hands and feet, a 
feeble pulse, and the nauseous odor of diplitheiia, and finds that after the 
administration of 20,000 units of antitoxin in two doses the condition of the 
patient impioves slightly, and after 10,000 units more there is marked 
abatement m the severity of the symptoms, that when an additional 10,000 
units have been given the patient is appaiently out of danger and eventually 
recovers, one must believe in serum theiapy m the treatment of diphtheria 
When one sees a patient in whom the intubation tube has been repeatedly 
clogged and the hopeless condition changes for the better aftei the admin- 
istration of 50,000 units, one cannot but be convinced of the importance of 
giving large doses in the veiy severe and apparently hopeless cases 

Small doses of antitoxin are of little avail m the treatment of grave types 
of the disease and in older to obtain the best results, the serum must be 
heroically administered It is tiue that all of the patients to whom large 
doses of antitoxin have been given have not lecovered, but so many of them 
have that one must be convinced that laige doses aie imperatively demanded 
m very severe cases When death has occuried, it has been from nerve 
degeneration or from sepsis 

Antitoxin has been conducive of much good in the treatment of diphtheria 
of the eye, the most senous acute disease with the exception of gonorrhoeal 
ophthalmia Serum should be administered m large doses — 4,000 to 6,000, 
or even 8,000 units — every six hours until the membrane commences to 
disappear and the congestion of the eye diminishes The pupil should be 
dilated with atropine and the eye irrigated every two hours with a 2 to 4 
per cent solution of boiacic acid The following ointment can be used with 
much benefit 


Hydr lodid rub 

gr ] 

065 

CocainiE muriatis 

gr IV 

260 

Atropise sulphatis 

gr IV 

260 

Petrolati 

o] 

30 


A portion of ointment the size of a small pea should be put m the eye every 
eight hours Attention must be given to keeping the eye clean If only one 
eye is affected the other must be protected by a watch-glass A patch of 
membiane that m the throat would not be of importance, m the eye might 
cause blindness, theiefoie, the necessity of the early administration of anti- 
toxin, where the condition of this oigan points to diphtheria, is obvious 
Laryngeal Diphtheria — ^Beneficial effects of the serum treatment in this 
are as marked as in the pharyngeal foini When a patient has a hoarse 
brassy cough with comparatively slight dyspnoea, but with rigidity of the 
sterno-cleido-mastoid muscles, antitoxin should be immediately given m large 
doses It IS generally conceded that about 90 per cent of cases of laryngeal 
diphtheria previous to the days of antitoxin required operative interference 
The investigations by the American Pediatric Society of the effect of the 
serum m larjmgeal diphtheria occurimg in private practice showed that only 
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39 21 per cent Ccame to operation In hospital cases tlie proportion is laiger, 
because the patients are leceived late in the course of the disease It is, 
ne^ ertheless, true that many cases of laryngeal diphtheria are lelieved iMth- 
out operation by means of antitoxin, and the only leason that more are not 
relieved is the fact that antitoxin is not given early enough or m sufficient 
doses Placing the child m a steam tent sometimes seems to be of benefit 
Medicated steam occasionally gives relief The following mixture m the 
proportion of one ounce to a pint of water may be used m the croup kettle 

Olei eucalypti p] 30 

Acidi carbohci liq , o] 30 

Olei terebinthmce ovii] 240 iji 

Only a limited amount of steam is required A continued steam bath has 
a very debilitating effect, and this is always to be avoided The air in the 
tent should be simply saturated with steam — not oversaturated The sub- 
limation of calomel has been used, but after a careful trial it seemed to the 
writer that it was of no particular benefit Valuable time is lost and the 
strength of the patient lessened by vain attempts to get air into his lungs if 
these measures are continued for any great length of time The chief reli- 
ance must be placed on antitoxin and operative interference 

If the dyspnoea increases, if the substernal retraction becomes more 
marked, opeiative interference is imperatively demanded The question 
naturally arises v hether tracheotomy or intubation shall be done 

Tracheotomy — Tracheotomy is not a new operation by any means 
Asclepiades, a Bithynian physician vlio practiced in Rome 100 B C , was 

E robably the originator of tracheotomy, or, as it was called at that time, 
ronchotomy Paulus ^gineta, a Greek physician who lived in the latter 
half of the seventh century, gives explicit and clear directions regarding the 
operation “We must make the incision in the trachea, under the larynx, 
about the third or fourth ring This situation is the most eligible, because 
it IS not covered by any muscle, and no vessels are near it The patient’s 
head must be kept back, m order that the trachea may project more forwards 
A transveise cut is to be made between tuo of the lings, so as not to vound 
the cartilage — only the membrane ’’ The idea of a transverse incision was 
based on the theory at that time prevalent that a wound of the cartilage 
vould not heal 

In the hliddle Ages tracheotomy does not seem to have been performed, 
as the medical literature of that time is silent on this point In 1546 Brassa- 
lolo, phjsician to the Duke of Farrare, performed this operation success- 
fully on a patient v ith suffocative angina, which was probably diphtheria 
Fifty jears later Santorio performed this operation with a trocar This 
operation v as termed at that time laryngoceirtesis, or, as it would be termed 
at the present time, plunge tracheotomy In 1776 Vicq d’Azyr wrote regard- 
ing cricothiToidean larjmgotomy Home m 1765 recommended the opera- 
tion In 1782 tracheotomy vas successfully performed by John Andree, 
a surgeon of London Bretonneau, the historian of diphthena, conceived 
the idea of makmg a large opening m the trachea and keeping it open v ith a 
metallic tube Trousseau, the father of modem tracheotomy, had remark- 
able success m this operation, and his teaching populanzed it Vdien, m 
1848, he took charge at the Hospital dcs Enfants, Pans, the results in trach- 
eotomj had been extremely unsatisfactory, 48 operations having been per- 
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formed without a recovery From 1849 to 1858 m this hospital there were 
466 tracheotomies perfoimed with 340 deaths, giving 73 per cent of mortal- 
ity Trousseau devised the double tube 11411011 is now in use Malgaigne 
Mas a bitter opponent of the operation The contioversy betiveen him and 
Trousseau is extiemely interesting leading From this time until 1880, 
ivhen O’Divyer commenced his experiments on intubation of the larynx, a 
savage medical war ivas waged between the adherents and opponents of 
tracheotomy The investigations of O’Dwyer brought a new factor into the 
controversy If the operation of tracheotomy is done early m the course 
of an attack of diphtheria, the results are much more satisfactory than ivhen 
it IS done later The operation, hoivever, is not devoid of danger, paiticularly 
m very young children The trachea in a young child is a very small tube, 
there are numerous bloodvessels m the operative tract, and the trachea is 
more deeply placed and situated beneath a thick layer of fat These con- 
ditions render the operation extremely hazardous The results obtained 
have not been particularly gratifying As tracheotomy is an emergency 
operation, strict aseptic rules can not be followed There is danger of infec- 
tion not only from vuthout but also from Muthm When possible, an anres- 
thetic should be given, but in the majority of cases the condition of the 
patient precludes general anresthesia Ether causes so much coughing that 
in some instances a little chloroform may be given, but, if given, the admin- 
istration must be conducted ivith the utmost care Local amesthesia, Muth 
cocaine or ethyl chloride, can very frequently be used with satisfactory 
results 

There are three operations for opening the air passages first, laryn- 
gotomy, M'here the incision is made through the crico-thyroid membrane, 
second, high tracheotomy, M'here the incision is above the isthmus of the 
thyroid gland, and third, the low operation, ivhere the incision is made 
below it, the choice must depend on the age of the patient and the amount 
of SM elhng of the neck The patient should have the head throivn back as 
far as possible m order that the trachea may become prominent Incision 
should be made absolutely in the median line, and all bleeding vessels should 
be secured When the skin and superficial fascia are divided, a caieful 
dissection Mull bring into view a faint m lute line M'hich is the raphe betM-^een 
the sterno-hyoid muscles Any veins must be ligated or pushed aside A 
careful dissection through the faint Mdiite line just described muII expose the 
trachea Retractors should be carefully held by an assistant, and the utmost 
care taken to avoid dragging with more force on one side than on the other 
If the isthmus of the thyroid gland is exposed, it must be carefully pushed 
out of the M'ay The great size of this gland m children renders tracheotomy 
more difficult than in the adult After the trachea is exposed, it should be 
opened by a careful cutting motion rather than a plunging motion A probe- 
pointed bistoury is very useful for enlarging the opening m the trachea, as 
it IS impossible Mith this instrument to injure the posterior M^all Bose’s 
method of performing the high operation is described as folloM-s “The 
deep cervical fascia divides into two layers just above the superior margin 
of the thyroid gland, these two layers forming the mam body of the thyroid 
capsule The point of division corresponds exactly Muth the upper margin 
of the cricoid cartilage, Mdiich can be easily identified by touch The nail of 
the left index finger is placed against the margin of the cricoid, the pulp of 
the finger looking downward, m hereby the thyroid gland is protected, and 
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the fascia is opened a short transveise incision directed against the upper 
ed"e of the caitilage As soon as this is done, a blunt hook can be introduced 
thiough the tiansversc slit behind the thyroid gland, which then can be draw n 
doi^n iMth some foice, exposing the ti\o oi three upper rings of the trachea 
The author never sav this method fail, and, m employing it, never v as com- 
pelled to cut the cricoid cartilage for ant of space to limit the incision to 
the trachea ” 

In performing the low operation, or inferior tracheotomy, the same geneial 
rules are to be observed It must be a cardinal principle to stop all bleeding 
btfoie the trachea is opened Neglect to observe this rule has sacrificed the 
In cs of patients After the trachea is opened. Trousseau’s dilator must be 
introduced into the w'ound, the blades opened, and the tube gently pushed 
into the trachea No force must be used in inserting the tube The incision 
must be long enough to admit the tube easily 

When tracheotomy is done m the later stages of diphtheria there is fre- 
quently an immense amount of sw^elling of the neck obliterating the surgical 
landmarks and rendering the operation much more difficult The fact must 
also be lemembeied that, ownng to the inability of the patient to get an into 
the lungs, not only the superficial, but the deep veins are in a very turgid 
condition, if they are cut, there is profuse hemorrhage which must be 
stopped before the trachea is opened The directions given by some authori- 
ties, wdien the hemorihage is profuse, to go boldly foiw'ard and open the 
tiachea is not good advice, for many patients have died on the table from the 
blood flow mg into the lungs The instruments required for the operation 
are a scalpel, a probe-pointed bistoury, dissecting forceps, liiemostatic 
forceps, retractors, a sharp hook. Trousseau’s dilator wuth three blades, and 
the tracheotomy tube Aftei the tracheotomy tube is secured in position by 
tape, the wmund should be dressed w ith a thin cushion of sterile gauze cut 
so that it can be slipped under the collar of the tube Before the introduction 
of the tube, if anj membrane can be seen m the trachea, it should be removed 
w ith forceps Great care must be taken m keeping the wmund as clean as 
possible The inner tube should be removed every tw'o or three houis for 
cleansing, according to circumstances Fig 55 show's the dilator and a 
tiacheotomy tube 

Plunge tracheotomy should never be done in patients under fifteen years 
of age, as in young patients the possibility of entering the trachea is very 
slight and the danger of w ounding large bloodvessels very great In adults 
in cases of emergency the operation may sometimes be justifiable Different 
instruments have been dev ised for this purpose In favor of plunge tracheot- 
omy it may be said that, if the operator is fortunate enough to enter the 
trachea at the first plunge, there is no danger of hemorrhage, and the relief 
of the stenosis is immediate On the other hand, there is great danger of 
missing the trachea and of vvoundmg important structures In the long run, 
the operation of tracheotomy by dissection is preferable 

After tracheotomy the irritation of the tube may cause sloughing of the 
trachea and adjacent tissues Vegetations may form about the wmund, 
serioush interfering w ith respiration, requiring that the tube be vvoin for an 
indefinite penod These sequelie, however, are extremely raie The tube 
should be remov ed at the end of three or four days even if it is necessary 
to reinsert it almost immediately There is no definite time for its removal 
Each case must be judged upon its meiits 
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Intubation — in 1858, when Bouchut of Pans first conceived the idea of 
introducing a tube into the larynx through the mouth, the opeiation was not 
received vith much favor Tiousseau strongly opposed it, and for nearly 
twenty-two yeais it fell into disiepute In 1880 O’Dwyer, influenced by the 
alaimmgly high death-rate of tracheotomy, commenced his experiments on 
intubation For a long time the operation did not meet with the approval 
of the profession at large, but, as time went on, due to the persistent work of 
O’Dvyer of New York and Waxham of Chicago, intubation met with 
marked recognition m this country and is now the accepted operation of 
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election in cases of laryngeal diphtheria In Pans m the hospital wards 
named foi Trousseau, the most bitter opponent of the operation, intubation 
IS performed m nearly all cases of laryngeal diphtheria The French tubes 
are shorter than the American, but it is very doubtful if this is a distinct 
advantage Bayeux says that intubation is the operation of election, that 
tracheotomy is the operation of necessity, that mtubat’on originated m 
France, was improved m America, and finally was perfected m France 
The latter statement must be taken with a certain amount of reservation 
Much has been said regarding the causation of inhalation pneumonia after 
intubation, but the danger of this is more theoretical than practical North- 
rop m the Tmmachons of the International Medical Congiess at Washington, 
1887, says The experiment has been tried of inducing ^schluck 

pneumonic by feeding the child on milk and other fluids, having finely 
divided carbon m suspension If this insoluble powder, having a strong 
contrasting color, were taken into the lungs m elective regions, it would be 
possible to find it later 

In these experimental cases the powdered carbon (bone-black) was 
given while the child was able to swallow fairly well, so as to make the test 
satisfactoiy, and foi the same reason it was discontinued when the child 
became enfeebled and v as about to die 

I may say that I have never found any evidence that milk or bone-black 
had passed into the lungs of a child w earing a laryngeal tube The smallest 
particle of milk bathing the under surface of a swollen and insufficient 
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epiglottis would excite violent cough It does so in laryngeal tuberculosis 

in the adult ” „ i i i i , 

It vould seem as if these experiments of Northrup should be ettectual in 

removing the fear of inhalation pneumonia as occurring as an accident in an 
intubed child 

Jacobi says that, previous to 1895, out of 1,024 opeiations of tracheotomy 
performed in various parts of the world, but principally in Euiope, the 
mortality was 78 52 per cent In the 327 tracheotomy cases at the Boston 
City Hospital from 1864 to 1887, the death-rate was 70 95 per cent as given 
by Lovett and Munio Stern of Philadelphia, m collating Bourdillat’s 
statistics, gives the mortality of tracheotomy as 73 60 per cent Waxham 
collected 1,072 cases of intubation performed in various parts of the United 
States, and gives the mortality as 73 23 per cent At the South Department, 
from September 1, 1895, to December 31, 1904, the death-rate of the 1,553 
intubation cases was 44 per cent as compared with 73 60 in Bourdillat’s 
tracheotomy statistics or with 73 23 per cent in Waxham ’s intubation 
statistics 


Fio 56 



Percentages of mortality of tracheotomy cases and of intubation cases without antitoxin and of 

intubation cases with antitoxin 


As showing the relative advantages of intubation with antitoxin as com- 
pared V itli tracheotomy v ithout and intubation without. Fig 56 has been 
prepared 

Bi follov mg the full black line which represents the tracheotomy mortality 
rate and the broken black line yhich represents Waxham ’s intubations, and 
the parallel lines vliich represent the South Department intubations, it 
v ill be seen that the mortality rate of tracheotomy under two years of age 
vas 97 per cent , that Waxham ’s mortality rate of mtubation previous to 
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antitoxin was 84 38, while that of the South Department was 64 98 per 
cent BetM een the ages of two and two and one-half years the percentages 
weie 88 foi Bouidillat, 80 54 for Waxham, and 51 99 at the South Depart- 
ment Fiom two and one-half to three and one-half years the rates in the 
same order are 83, 70, and 39 97 Between tliiee and one-half and four 
and one-half yeais of age Bourdillat’s pei cent is 70, Waxham’s 67 35, 
and at the South Department 37 89 From four and one-half to five 
and one-half years Bourdillat’s is 65, Waxham ’s 66 08, and at the South 
Department 36 99 Over five and one-half years, 61 in Bourdillat’s 
statistics, 56 67 in Waxliam’s and 34 97 per cent at the South Depart- 
ment 

In analyzing the 685 deaths occurring in the 1,553 intubations at the 
South Depaitment, it is found that bronchopneumonia caused 318 deaths, 
or 46 42 per cent , that heart complications are responsible for 102 deaths, 
that the number of deaths from sepsis nas 97, that extension of membrane 
into the bronchi caused 84 deaths The total number of deaths from the 
causes just given is 601 The lemaimng 84 deaths were due to scarlet fever 
occurring as a complication 24, measles 13, nephritis 21, pulmonary 
tuberculosis 6, cerebral hemoirhage 1, mediastinal abscess 2, clogging of 
tube 4, measles and whooping cough 2, fatty degeneration of the heart 4, 
diphtheritic necrosis of the laiynx 1, abscess of the lung 5, unilateral 
internal hydrocephalus 1 There weie 44 secondary tracheotomies with 5 
recoveries The tiacheotomies were done as a last resort because intubation 
did not relieve the difficult breathing When there was an autopsy, which 
was obtained in about 10 per cent of these cases, the condition of the 
bronchi and lungs was such as to prove that, if tracheotomy had been the 
primary operation, the result would have been the same Neaily 70 per 
cent of the patients on whom the secondary tracheotomies were done were 
in a moribund condition at the time of entrance, and this accounts for the 
high death-rate 

Bronchopneumonia is always a very prominent factor in causing death in 
operative laryngeal diphtheria, but the mortality from this cause is not so 
high after intubation as after tracheotomy The reason for this is probably 
that after intubation the air passes through the natural channels into the 
lungs, whereas in tracheotomy it does not The deaths from heart compli- 
cations, extension of membiane, and sepsis, would have occurred after any 
operative procedure and cannot be attributed, directly or indirectly, to 
intubation Fatal clogging of the tube occurred only 4 times m the 1,553 
intubations, and, therefore, it must be considered an extremely rare accident, 
but the possibility of its occuiience must always be considered Accidents 
of a similar nature do occur after tracheotomy Rejection of the tube by 
coughing occurred 566 times in the 1,553 intubations In many of the 
instances it was necessary to reinsert the tube immediately In other 
instances the patients would be from four or five hours without the tube, 
and then the dyspnoea would become so urgent that lemtubation Mould 
become necessary In still other cases, patients rejected the tube by coughing 
at the end of tv'enty-four to forty-eight hours and had no subsequent trouble, 
the convalescence being uneventful This latter class is the most satis- 
factory of the intubation cases There is no hard and firm rule regarding 
the length of time that an intubation tube should remain in the larynx 
It IS the writer’s custom to remove the tube at the end of three or four days. 
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depending upon tlie condition of the patient, fiequently, however, the tube 
has to be immediately leinsertcd Sometimes an mteival of eight or ten 
hours V ill elapse aftei the removal of the tube before the dyspnoea becomes 
so uigent as to requne its leinseition The condition that causes dyspnoea 
sufficient to require reintubation may be spasmodic or due to collapse of the 
■walls of the laiyn\ -weakened or paralyzed by the pressure of the tube 
This latter condition must be differentiated fiom a stricture neai the vocal 
cords, the result of traumatism in intubation 

hlucli has been said, particularly by foieign observers, of the injurious 
effects of intubation Strictuies, false passages and adventitious growths 
have all been attributed to intubation, but if they were the result of the 
intubation, it i\ as not the operation that was at fault but the operator The 
liability of accidents and unfoitunate sequelae is very much less in intubation 
than in tiacheotomj’^ A condition of the larynv due to stiictuie, the result 
of traumatism, lequiimg the permanent wealing of the tube, may sometimes 
occur, but a similai condition also occurs aftei tiacheotomy In 1,553 
intubations at the South Depaitment of the Boston City Hospital there were 
only 3 instances of this natuie One in which a subsequent tracheotomy 
■was done and the patient left the hospital wearing the tiacheotomy tube, 
2 in w Inch there w'as a stiicture of the laiynx wdiich w'as yielding to treatment 
when the patients died of mtercurient bronchopneumonia m no w'ay con- 
nected with the condition of the larynx Theie w'eie 4 other cases m w'hich 
peisistent intubation icheved the stenosis of the laiynx, and the patients were 
discharged ivcll In one of these cases tracheotomy w'as done because the 
patient rejected the intubation tube by spasmodic coughing and w'as m such 
a critical condition before he could receive suigical attendance that it w'as 
deemed w isei to do a tiacheotomy He made a good recoveiy In the other 
three instances the patients w ere intubated some thirty times They made 
good lecoveiies, and one yeai aftei then discharge from the hospital there 
weie no indications of any trouble w'lth the laiynx A danger m intubation 
that IS lery much ovei estimated is pushing dowm the diphtheritic membrane 
b-\ the tube If the membiane is detached by the tube, the patient wall very 
frequenth, duiiiig a fit of coughing, expel not only the intubation tube, but 
a cast of the lai>nx If theie is no lelief to the breathing after intubation, 
the tube should be immediately wuthdrawm, and fiequently the patient wull 
expel a laige piece of membrane Secondaiy tiacheotomy is sometimes 
reqimed, and, thercfoie, when an intubation is to be done, tracheotomy 
instruments should be m leadmess There is no opeiation that is so gratify- 
ing as an intubation when it is successful One aigument in favor of it 
IS that there is no shock attendant upon the opeiation, a second is the fact 
that onh a few minutes aie requiied foi its performance When a child is 
pulseless and gasping foi bieatli there is no time to w'ait for a careful dissec- 
tion, an must entei the patient’s lungs just as quickly as possible if his life 
IS to be sai ed The w riter has seen too many patients brought into the oper- 
ating room pulseless, cyanotic, apparently dead, wdio, aftei the intubation 
tube w as introduced and artificial respiration performed, gasped a few' times, 
then took longer breaths, soon commenced to breathe easily and naturally, 
and finally lecoiered, not to make him an earnest advocate of intubation 
It IS perfectly tiue that a patient aftei intubation requires more careful 
watching than one on whom a tiacheotomy has been done, and for this 
reason, in sparsely settled districts, possibly tracheotomy may be better, 
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but in hospitals w here there are skilled attendants constantly at hand intuba- 
tion IS the better operation 

Instruments — ^The intubation set, as devised by O ’Dwyer, consists of 
seven metal tubes oi haid lubbei tubes, an introducer, an extractor, a gag, 
and a gauge indicating the size of the tube according to age The tubes 
have a laige head to prevent them fiom slipping through the vocal cords 
In the middle of the tube is afusifoim swelling, ivhicli is supposed to assist 
m keeping the tube m position O ’Divyei ’soriginal tubes weie made wuthout 
this fusiform enlargement and he adopted this improvement later In the 
French intubation tubes the introducer is attached to the obturator by a 
sliding joint, but this method has no paiticulai advantage over that of 
O ’Dwyer’s Hard rubbei tubes are used to a certain extent, but, except in 

Fic 57 



ODwjers separate mstruments (a) Gag (6) gauge (c) extractor (d) intubation tube for 
a child t-svo years old with the introducer ready for use (e) intubation tube for a child three years 
old (f) obturator shouing a joint in the centre for easy removal after the tube is in position (g) 
tube for a child one year old (/i) one of the French tubes for a child one year old It is shorter 
than the O’Du-jer tube (j) Tube for an adult made of hard rubber 

instances where the tube has to remain in the larynx for a very long time, 
are no better than the metallic ones gold plated The advantage claimed 
for the rubber tubes is that salts are not deposited on their surface The 
wTiter prefers the metallic tubes, except in adults, m whom the w'eight of 
the metal may cause annoyance Figure 57 show s the mstruments m detail 
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The question of feeding a patient after intubation is an important one 
Qfsophageal feeding may be required m certain cases Nasal feeding should 
be abandoned except in rare instances, because it increases the possibility 
of middle-ear disease The Casselbury method of feeding, which consists m 
placing the child on his back and lowering the head so that the pharynx is 
on a lower plane than the larjmx', can frequently be adopted with advantage 
Soft solids can sometimes be taken iMth ease In the majoiity of instances 
sufficient food can be taken in the usual way if it is given slowly and m small 
quantities The apparatus for oesophageal feeding consists of a soft rubber 
oesophageal tube and a glass funnel which is connected by glass tubing and 
rubber tubing vith the oesophageal tube The oesophageal tube is passed 
slovly and carefully into the stomach the funnel is then elevated and the 
food is poured into it As soon as the funnel is emptied, compression is 
made vith the thumb and forefinger on the oesophageal tube, which is 
remo'sed vith a sudden quick motion in order to prevent reflex vomiting 
In cases of nasal feeding, a soft rubber catheter of large size can be used 
The Ofeiahon o/ Intuhaiion — ^The patient’s arms are placed at his side 
and he is v rapped in a blanket i^hich is securely pinned He is plated in a 
hoiizontal position vith a small sand-bag under the neck The gag is then 
inseited m the left side of the mouth with its jaws resting on the molar teeth, 
and flrmlv held by the left hand of an assistant wdio also steadies the head 
of the patient with his right Great care must be exercised to prevent 
slipping of the gag The operator then takes the intioducer in the light 
hand with the index finger around the hook on the under surface of the 
handle, the loop of silk passing over his little finger and his thumb pressed 
against the button on the upper surface of the handle The index finger of 
the left hand is then passed down to the epiglottis, which is hooked forwaid 
The tube is then passed into the mouth with the handle w'ell dowm on the 
chest of the patient When the epiglottis is reached by the point of the tube, 
the handle should be given an abrupt turn upw ard so as to bring the tube 
into a horizontal position As soon as the tube is pointed in the proper diiec- 
tion, the button on the upper part of the handle should be pushed foiward 
disengaging the obturator, w inch must now”^ be removed and the tube pushed 
into position bv the index finger The loop of silk is passed about the ear 
and the gag remo^ ed If the tube is in the lar> nx the patient commences to 
cough with a peculiar sound If the breathing is easier, the cyanosis dis- 
appears, the retraction ot the thoracic walls diminishes, and the loop of silk 
does not shorten, it is certain that the tube is m the laiynx After becoming 
satisfied that the operation has been successful, the gag is inserted a second 
time, the index finger placed on the head of the tube, and one strand of the 
silk loop cut so that it can be removed Remember that the left index 
finger of the operator must be a continuation of the posterior w'all of tlie 
larynx, remember to make the abrupt turn, lemembei that no force must 
be used If the tube is in the oesophagus, no cough will be heard, there wull 
be no relief to the breathing, the silk loop will commence to shorten as the 
tube passes down the oesophagus If the tube becomes clogged by membi ane 
it must be immediately removed, and after this the patient wnll frequently 
reject a large piece of membrane by coughing 
The first steps of an extubation are similar to those of an intubation 
The extractor is passed into the lumen of the tube, the lever on the handle 
pressed so as to open the jaws, and the tube extracted by a reverse of the 
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movement in introduction Extubation is sometimes more diffieult than 
intubation but by gentleness and patience it can be accomplished There 
are records of cases where the intubation tube has been pushed down so far 
into tlie trachea that tracheotomy was necessary to accomplish its removal 
This IS so rare an accident that it cannot be used as an argument against 
intubation A patient may sometimes expel the tube from the larynx and 
swallow it Tins is an annoying occur rence, but not one of any special 
gravity, as the tube is always passed by the rectum m twenty-four to seventy- 
two hours Instances have occurred wheie the intubation tube has been 
forced by coughing into tire nasopharjmx and removed with great difSculty 
but this IS extremely rare Bayeux describes a method for removal of the 
tube by digital pressure or, as he terms it, by enucleation The operator 
places ins right thumb on the larynx of the patient just below the intubation 
tube and v ith the left hand the head of the patient is thrown back, then n ith 
a quick motion the head of the patient is brought forward, and at the same 
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Po ition dunng mtub'ition 

time upward pressure is made upon the intubation tube, which is expelled 
through the mouth Bayeux says this method is particularly adapted for 
the short tubes The vnter has used it several times with the O’Dwyer 
tubes with satisfactory results The great advantage of tins method is that 
it can be used by a trained nurse m an emergency, as when the tube suddenly 
becomes clogged and no physician can be reached 

Fig 58 shows the position of a patient during intubation In certain 
parts of the country it is customary to mtube in the upright position, but 
experience has taught the vriter that the horizontal one is tlie better both for 
the patient and the operator Intubation of an adult is a difficult operation, 
but can be successfully accomplished with very satisfactory results 
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If tw entv-four or fortj-eiglit hours after operative interference for laryngeal 
stenosis, vhen all the indications have been favorable, there is a sudden rise 
in temperature, a profuse tenacious mucopurulent discharge from the 
tracheotomy tube, or the intubation tube is clogged with a similar discharge, 
it is evident that membrane is extending to the bronchi, and therefore large 
doses of antitoxin should be administered The failure to recognize the 
gravity of the condition just described and neglect in administering large 
doses of antitoxin at this time are responsible for many fatal results m 
operative larjmgeal diphtheria These points cannot be too strongly em- 
phasized 

It IS advisable, but not essential, to place the patient on whom tracheotomy 
has been done m a steam-tent, it is not necessary to have a great amount of 
steam Three or four layers of gauze saturated with corrosive sublimate, 
1 part to 5,000, over the entrance to the tracheotomy tube will moisten the 
air sufficiently before it enters the lungs A patient after intubation does not 
require steam except in rare instances 

Alleged Injurious Effects of Antitoxin — A great deal has been said 
regarding the injurious effects of antitoxin Many of the statements show 
a deplorable ignorance of the natural history of diphtheria It is frequently 
said that antitoxin has a depressing effect on the heart If one reads care- 
fully the earlier writers on diphtheria he will find that failure of the action of 
the heart was knovn and recognized long before the days of antitoxin 
Flint, in his Piactice of Medicine, published in 1866, alludes to this condition 
as do many other authorities Theoretically there is no reason to assume 
that antitoxin should have any injurious effect upon the heart Practically it 
has been demonstrated that this organ is not affected m any way by the 
serum It has been claimed that paralysis is caused by antitoxin This 
statement is only an instance of attributing a certain symptom to the remedy 
used when it is a part of the disease treated It would be v ell for the ciitics 
of antitoxin to read some of the older medical works in order to become con- 
vinced of the fact that postdiphtheritic paralysis was known long before 
antitoxin v as used Albuminuiia has been attributed to the seium Wade 
of Birmingham, England, in 1857, fiist called attention to the existence of 
this svmptom in diphtheria Abeille found that it occurred in 33 per cent 
of his cases in one year In investigating tins subject the wiiter examined 
the urine of 173 pat'cnts ill with diphtheria, before and after the administra- 
tion It was found that albumin w as absent in 99 instances both before and 
after the administration of the serum In 33 instances, although albumin 
vas present before the serum ivas given, it was not increased after its ad- 
ministration In 25 the albumin was diminished, which seems a sufficient 
reply to the claim that antitoxin causes albuminuria In 16 instances the 
albumin v as increased, but not to a sufficient extent to cause anxiety As 
these v ere severe attacks of the disease, the conclusion that the albuminuria 
■\\as caused by the toxin of diphtheria, and not by the remedy, is justifiable 

It must be conceded that arthralgia in a certain proportion of cases is due 
to the use of the serum This condition sometimes causes a certain amount 
of discomfort to the patient, but in no instance in the writer’s experience has 
it ever gi\en rise to a serious tram of symptoms Rashes frequently are 
caused by antitoxin They are of four types erythematous, scarlatinitorm, 
morbilliform, and urticarial The urticanal is the most annoying of these 
eruptions and fiequently the patient ■will have great discomfort from itchmg 
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for two or three days The temperature is frequently elevated Urticaria 
appears in about 30 per cent of the patients injected with antitoxin The 
amount of the serum used does not seem to influence the prevalence of this 
eruption Small doses will be followed by urticaria just as frequently as the 
large doses Certain hoises seem to furnish serum that gives rise to a large 
number of cases of urticaria For the relief of the itching in the rash of the 
urticarial type the usual remedies are of benefit The morbilliform eruption 
very rarely gives rise to much annoyance and does not require any special 
treatment The scarlatiniform eruption is very fiequently mistaken for 

Fig 59 Fig 60 



scailet fever, and the difficulties of a differential diagnosis for the first 
twenty-four hours are very great There may be a slight rise in temperature, 
but, as a rule, there are no subjective symptoms The erj’thematous eruption 
may be of tvo vaiieties, eithei a simple erythema, or an erythema multi- 
forme In the simple erythema there may be a slight rise in temperature 
but the patient does not experience much, if any, discomfort In erythema 
multifoime there may be a slight burning of the skin and a moderate rise in 
temperature, itching is very rarely observed Fig 59 shows a general 
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eruption of erjihema multiforme This patient had no constitutional 
disturbance due to the eruption Fig 60 shows the same eruption after it 
had commenced to fade 

All of these eruptions are followed by a certain amount of desquamation, 
but it IS not nearly so profuse as that following scarlet fever Errors in 
diagnosis, so far as scarlet fever is concerned, have been made based on a 
hasty conclusion that because a patient desquamates, therefore he must 
have had scarlet fever The time for the appearance of these eruptions 
varies greatly, the limits being from ten minutes after the injection of anti- 
toxin to five veeks, with an average period of about ten days It is not the 
antitoxic element that causes these eruptions, but the serum, and the stronger 
the serum, or, m other words, the greater number of antitoxin units to the 
cubie centimeter, the less is the piobabihty of these cutaneous manifesta- 
tions Various accidents have been attributed to antitoxin, but their con- 
nection with the serum is extremely problematical That accidents may 
occur during the administration of antitoxin, that certain anomalous symp- 
toms maj follow, but not necessarily be due to antitoxin, that the serum may 
be impure, must be taken for granted, but these events occur after the use 
of any remedy that is potent in the treatment of disease 

It is inconceivable in the light of the enormous weight of testimony based 
on statistics how any one can have any doubt regarding its efficacy An 
experience based upon the treatment of over 15,000 cases of diphtheria 
convinces the viiter that antitoxin must be considered one of the greatest 
medical discoveries of the nineteenth century, comparable v ith the protective 
power of vaccination , and also that antitoxin must be given in large doses 
in order to accomplish the most beneficial results 

Immunization — If antitoxin is the deleterious agent that it is assumed to 
be by certain observers, if there is any danger from its use — the immuniza- 
tion of individuals against possible infection with diphtheiia would be un- 
justifiable Results have demonstrated, however, not only that the serum 
vhen given for immunization has no injiiiious effect, but that outbreaks of 
diphtheria in the children’s Avards of ditteient hospitals have been prevented 
In the Children’s Hospital in Boston, Avheie no infectious diseases are ad- 
mitted, from May, 1S97, to March, 1905, during which time 9,694 patients 
were treated, each patient under two years of age Avas immunized Avith a 
dose of 750 units of serum, and each child over tAA o years of age was given 
1,500 units PreAuous to May, 1S97, the wards and sometimes the AA'hole 
hospital had to be closed on account of outbreaks of diphtheria T M 
Rotch saj s that he does not hesitate to give the serum even when the patients 
are quite ill, and that he never has seen any bad results beyond the appear- 
ance of certain efflorescences 

In the Infants’ Hospital in Boston, where children not over tAvo years of 
age are treated, immunization aaus commenced in February, 1900 Before 
this, outbreaks of diphtheria aa ere very frequent among the babies and also 
among the nurses and nursery maids Since immunization was begun there 
has been only one case of diphtheria among the babies Avhich was thought to 
haA'e originated in the hospital At the present time a dose of 500 units is 
given instead of 300 units, which A\as used at the outset From February 
1900, to Alarcli, 1905, 1,185 patients AAere treated in this institution As a 
control it is interesting to knoAA' that a number of nurses and nursery maids 
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have in the jears ]ust mentioned contracted diphtheria, but they had not 
been immunized, as they pieferred not to be 

It IS a well-known fact that patients ill with scarlet fevei are particularly 
susceptible to diphtheria, and that frequent outbreaks of the lattei disease 
occur in scarlet fever wards For the past five years m the scarlet fever 
wards of the South Department every patient is immunized with a dose of 
serum of from 1 to 2,000 units, depending upon the age The result has been 
that there has been no outbreak of diphtheria in these wards, although there 
have been a certain number of positive cultures with no constitutional man- 
ifestations Immunization lasts only about twenty-one days, and, therefore, 
it IS necessary to reimmumze at the expiration of this time 

The beneficial results of antitoxin m the treatment of diphtheiia woufd 
seem to have been sufficientlv demonstrated to convince the intelligent 
practitioner of the importance of using this remedy in the treatment of each 
and every case of diphtheria The statements regarding immunization 
should also be convincing, 
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WHOOPING-COUGH 
By JOHN RUHEAH, M D 

Synonyms — Pertussis (Sydenham), tussis convulsiva, Kmk-cough, 
chin-cough, French, coquel uche, Geiman, Keuchusten, Spanish, toss- 
fenna, Italian, pertosse 

Defimtion — ^tvhoopmg-cough is a contagious disease charaoteiized by a 
paroxysmal or spasmodic cough usually ending m a long sonorous inspiration 
and frequently accompanied by vomiting Cullen’s famous definition was, 
“Morbus contagiosus, tussis convulsiva strangulans cum inspiratione 
son ora iteiata, saepe vomitus ” 

Historical — It is not certain that whooping-cough was described by the 
ancients, and it is not mentioned by wiiters m the middle ages It seems 
safe to assume that it did not exist at that time, as such a distinctive disease 
could hardly escape accurate description The epidemics of cough noted 
by many of the eaily v riters were undoubtedly influenza The first accurate 
description was given by de Baillou, m Pans (1578), and in England it was 
mentioned by Thomas Wilhs (1658) and by Sydenham (1679) During 
the eighteenth centuiy it was more frequently described, the studies of Plaz 
(1727) and Fiiedrich and Hoffman (1732) being among the most notable 
During the nineteenth centuiy it was very common, and now it is endemic 
m most of the large cities, and epidemics are so common as to be legarded 
as unworthy of mention except by statisticians 

The geographical spread is interesting It started in Pans in 1578, was 
noted in London in 1658 and m Germany in 1724 A severe epidemic 
involved all of Europe m 1732 and 1733, and the disease was earned to 
Amenca In 1847 it was mtioduced into New Zealand, and about 1890 
into Australia and the Archipelago 

Etiology — ^Epidemics vary greatly from year to year in virulence, inten- 
sity and mortality The disease is more se^ ere and frequent in cold climates, 
othennse epidemics are apparently unaffected by season and weathei con- 
ditions, although the course is less severe in weathei which permits children 
to be out of doors Epidemics of gieat severity and mortality have been 
seen in the summer Susceptibility is very general, and the majority of 
persons have the disease The greatest predisposition is from six months 
to five years of age, and over half the cases occur during the first two yeais 
of life As the indnidual grows oldei the susceptibility decreases, but the 
disease is seen in adults and even in old age. Hale White liaMng repoited a 
case m a v oman aged cighty-one years During the first months of life the 
disease is not common, although it may be seen, e\en in the newly bom 
Watson records a case where the mother had been taking caie of a child with 
whooping-cough and her oivn child show'ed sjmiptoms of the disease on 
the first day Bouchut observed a child who developed a cough on the 
second day and show'ed unmistakable signs of ivhooping-cough on the 
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eighth day Girls are said to be moie susceptible than boys, and children 
who aie weakened by disease are more hable than strong healthy ones, 
and the disease is moie severe in the weak In nervous children the par- 
oxysms are always moie severe Wimmei and Meissner state that the deaf 
and dumb and the blind have the disease m a milder form than children with 
normal senses 

There are three theories legardmg the causation Some regard it as a 
neurosis and others as a laiyngo-tracheal catarrh, but the disease is gener- 
ally regal ded as one of the infections The question as to the organism of 
whooping-cough can not be definitely answered at this time Poulet (1867), 
Letzerich (1870) and Tschammei (1876), are among the earlier obseivers 
who mentioned oiganisms as a cause Buiger, m 18^83, called attention to 
a short bacillus, fully described m 1887 by Afanassiew, which was found m 
the sputum and produced symptoms m dogs Ritter, in 1892, isolated a 
diplococcus which he claimed to be causal, and was also able to produce 
symptoms in young dogs In the following year Cohn and Neumann de- 
scribed a streptococcus as the cause Deichler has descnbed a ciliated 
protozoan, which he found m the mucus, and Behla, Henke, KuilofE and 
others, believe that the cause of the disease is some form of protozoan 
Czaplewski and Hensel, Kophk, and Walsh, have all described an organism 
which they isolated from the mucus, especially m the earlier stages of the 
disease This organism is a short bacillus, easily stained m carbol-glycerine- 
fuchsm, and readily giown on blood serum Another organism, resembling 
the influenza bacillus, was descnbed by Spengler, in 1897, and later by 
Jochmann and Krause, in 1901 and 1903 This has been called the Bacillus 
peitiissis Eppendoif It was isolated from cases of bronchopneumonia 
occurnng w'lth w hooping-cough, but could not be demonstrated m ordinary 
cases of pneumonia Spengler is of the opinion that the organism is the 
same as that described by Czaplew'ski and Hensel despite the apparent 
differences, and there is much to support this view' Elmassian, Luzzatto, 
and other observers, have descnbed somewdiat similar bacilli 

Wollstem investigated thirty cases of wdiooping-cough and found a 
bacillus which is apparently identical wnth the Bacillus pertussis It grow’s 
in media containing hiemoglobm, and apparent differences are doubtless 
due to technique Agglutination tests w'lth Wollstem ’s bacillus w'ere positive 
It IS closely i elated to the influenza bacillus, but can be separated from it by 
means of agglutination reactions Leuriaux has descnbed a short baciho', 
ovoid m shape, found in the expelled mucus This organism producco a 
virulent toxin by wdiicli Leuriaux has produced an antitoxm in the horse, 
which he has used in treatment 

Jahn and otheis called attention to the fact that domestic animals may be 
affected by wdiooping-cough and that they may be the means of transmittmg 
it to children It is most frequently observed in dogs, but has also been 
noted m the cat An instance of a canary bird exposed to pertussis having 
a spasmodic cough has also been recoided 

The disease is usually transmitted by direct contact, and only a very 
short exposure is necessary for infection In some instances it w ould seem 
that being m the immediate neighborhood without direct contact was all 
that w'as necessary, but m these the child may have been infected by fljing 
particles of sputum The mfectiousness begins wnth the earliest s^miptoms, 
and IS more intense early m the disease than later, although it may be trans- 
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mitted even ui the late stages Morse attempted to determine whether the 
disease vas tiansmitted by mdiieet contaet by gathering the expeiienee of 
forty observers The consensus of opinion was that it happened but larely 
That tiansmission by fomites is possible is instanced by the following classic 
case A v oman whose two children had Avhoopmg-cough was on a ship 
which touched at St Helena, and the children’s clothing was sent ashore to 
be V ashed The children of the ivasherwoman contracted the disease, 
although there was said to be no whooping-cough on the island at that time 

Infectiousness Vanes m hospitals and is most liable to occur vhen the 
patient enters early m the course of the disease If the children mingle 
together indiscriminately, especially where there is ovei crowding, an epi- 
demic IS suie to occur If the beds are far apart, with plenty of air space, 
and the children aie kept separated, the liability to infection is much less 
If the sputum is carefully looked after, infection may be even avoided 
altogethei, as has been pointed out by Eustace Smith and Grancher 

Recurrences are rare, although clinicians of large expeiienee may see one 
or two such instances, for example Rilhet and Barthez report 2 cases. 
Trousseau 2, and Comby 1 

The incubation penod is difficult to ascertain owing to the mdefimteness 
of the early sjauptoms From one to two -weeks usually elapse fiom the 
time of infection to the onset, but this may be considerably less If sixteen 
days pass and the disease has not made its appearance, the chances are that 
it w ill not develop 

Pathology — ^lliere is more or less congestion and catarrhal inflammation 
of the mucous membranes of the larynx, trachea and bionchi, and the 
seiere coughing may produce emphysema The lower suiface of the epi- 
glottis IS also involved by the inflammation Von Herff w^as able to see the 
laiwix during paroxysms, and noted that the mucous membrane became 
dark-red and w^as covered w ith transparent mucus A small pellet of yellow- 
ish mucus about the size of a pea then made its appearance, and the coughing 
continued until this was dislodged The coughing also frequently pro- 
duces a small ulceration of the frenum of the tongue m children who have 
cut their teeth The fatalities are caused by complications such as convul- 
sions or pneumonia 

Symptoms — ^^dioopmg-cough has three stages i e , a catarrhal stage, 
or the invasion, a paroxysmal or spasmodic stage and the stage of decline 
or defervescence 

Catarrhal Stage — ^The invasion is general The child has a slight 
bronchitis, which cannot be distinguished from an ordinary cold, often 
complains of headache or of general malaise, and there is often coryza, ivith 
sneezing and increased lachrymation Huguenm has called attention to the 
photophobia, with wdiich there may be dilatation of the pupils There is 
often a slight nse m tempeiature towmrd evening, but this usually ceases 
before the spasmodic stage begins There may be muscular pams of con- 
siderable se-\enty Redness of the pillars of the fauces and pharynx has 
been described by de Mussy, but it is not charactenstic The catarrhal 
stage lasts from one to twm wrecks and then passes into the spasmodic stage 
Some children wdioop almost from the beginning, others may not do 
so foi 01 er two weeks, and some not at all There may be occasional 
paroxysms of coughing dunng the catarihal stage, and a persistent cough, 
especially at night, should ahvays aiouse suspicion 
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Spasmodic or Paroxysmal Stage — ^The fever and catarrhal symptoms 
disappear, the cough becomes more and more paroxysmal, and m nearly 
all cases the characteiistic long inspiration or “whoop” is heard The 
child usually feels a paioxysm coming ou, either in an indefinite way or 
there may be a sense of constiiction about the chest or of oppression about 
the heart The child luns to the mothei oi nuise for support, or grasps the 
nearest object, and if there is nothing neai, both hands grasp the legs near 
the Imees to brace the body for the approaching attack There is a severe 
barking cough often of a loud metallic character, the face becomes reddened 
and cyanotic, the eyes are suffused, and the veins of the neck and head 
stand out prominently All the muscles of the chest are brought into action 
During the coughing there is protrusion of the spoon-shaped tongue After 
a senes of explosive coughs, there is the prolonged noisy whoop, and after 
one or several of these a small ball of tenacious mucus is expelled, very 
frequently with vomiting In adults the paioxysms are less severe as a rule, 
although at times they may be very troublesome The anxiety at the begin- 
ning of the spasm is not so marked, but m neurotic patients it may be as 
great as that m children Some adults aie unfit for business from general 
nervousness during the attack, whilst others aie but little affected except 
during the periods of coughing 

The average number ot paroxysms is about twenty in twenty-four hours 
(Trousseau) Tissier records a case in which in a three-year old child on the 
seventh day theie weie one hundred and twenty paroxysms The duration 
of each paroxysm varies, and it may last only a few seconds, ivith a single 
whoop, or be prolonged for as much as fifteen minutes, with between fifteen 
and thirty w'hoops The paroxysm may be brought on by excitement and 
irritation of various lands The attacks, as pointed out by Heberden, are 
less frequent in good weather than in bad Attacks which come on after 
eructation, vomiting, or the passage of flatus, are lighter than usual, but the 
succeeding paroxysm is of usual seventy Cough of a paroxysmal charac- 
ter may be caused by imitation, and a wdioie school may be set to coughing 
by a patient with pertussis In a w'ard full of whooping-cough patients all 
may cough at the same time, a paioxysm in one child bringing it on m the 
others The whoop may be entirely absent and the cough merely of a par- 
oxysmal character, as is common in young infants The whoop may also 
vanish with the appearance of inflammatory diseases, notably pneumonia, 
meningitis and diphtheria Vaccinia is said to have the same effect 

The paroxysms may cause hemorrhage, or the sphincters may relax with 
involuntary passage of urine or faeces After the attack the child may be 
utterly exhausted and remain m a half-conscious condition, others have a 
fit of crying, sometimes after the paroxysm the child may be at once ready 
to return to play Cases have been reported wdiere the paroxysms of cough- 
ing weie replaced by attacks of sneezing The paroxysmal stage persists 
usually from a month to six weeks, although it may last only two or three 
wrecks, or, in severe cases, much longer In overcrowded institutions and 
w'hen the child does not get any fresh air, the paroxysms continue much 
longer than under more favorable circumstances 

Decline -—The cough loses its paroxysmal character and becomes less 
frequent After excitement, emotions, or violent exercise, it may become 
paroxysmal again for a short time It may also return after an attack of 
indigestion or following a heavy meal For some months any attack of 
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bionchitis IS liable to be moie or less paroxysmal in charactei This stage 
lasts from one to several weeks 

The TJnne — ^Tlie mine, according to Cima, contains an increase m the 
amount of uric acid Gill, Johnston, and others, found glycosuria in 16 
out of 100 cases Bendetti claims that the glycogenic function is lowered 
in peitussis and that \eiy slight excesses of sugar cause glycosuiia 

The Blood — Frolich, Meunier and otheis, ha\e studied the blood m 

V hooping-cough They found that there was a constant leukocytosis, 

V Inch begins early, before the paroxysmal stage, continues through it, and 
disappeais V ith it The leukocyte count varies between 20,000 and 25,000 in 
the aveiage case, but may run as high as 40,000 All forms aie increased, 
but the principal inciease is in the lymphocytes A blood examination 
IS of great diagnostic lalue in v hooping-cough 

' Cnsofi found the lodophihc reaction in SO per cent of the leukocjdes, 
chiefly m the pobmuclear neutrophiles, less frequently m the eosinophiles, 
and rarely m the lymphocytes 

The Skin — In whooping-cough, besides purpura, there may occasionally 
be vesicular or pemphigoid eruptions Furunculosis is also seen 
Duration — ^Epidemics in cities generally last ten to twelve weeks, but 
they may often peisist foi six months or even a year In the laigest cities 
the disease is endemic The duration of the attack is variously stated, and 
differs greatly in different epidemics from four to six weeks, from seven to 
ten veelcs, and fiom sixteen to twenty weeks Average figures are Incuba- 
tion one w eek, catarrhal stage one to tA\ o weeks, paroxysmal stage four to six 
■weeks, and decline two to three w'eeks 
Complications — ^These are numerous and deserve more attention than 
they usually receive 

Misuse of Drugs — This is a frequent cause of symptoms sometimes 
eironeously attributed to whooping-cough The most frequent are drowsi- 
ness, 01 even unconsciousness, from narcotics, delirium, dry throat and 
mydriasis of belladonna, and tinnitus, gastric disturbance, rashes, and 
other s 3 anptoms, from overdosing wnth quinine 

Other Infectious Diseases —Measles, scarlet fever, and diphtheiia, all 
of w Inch are unusually purulent in children suffering from wdiooping-cough, 
are chiefly to be feared (Comby) 

Hemorrhage — This is fiequent from the severe coughing spells causing 
ruptuie of the swollen vessels Epistaxis is not infrequent Ecchymoses 
into the con]unctna are frequently seen, but this requires no especial treat- 
ment, disappeaiing in from twm to four wrecks Ecchymoses of the eyelid 
may also occui either on one or both sides Conjunctival hemorrhage may 
cause bloody tears Small hemoirhages may take place from the ear, 
either due to rupture of the dium or from the external auditory meatus 
Rupture of the bmpanum may occur, but as a rule causes onlj^ temporary 
lncon^enlence Hemorrhage under the slan results in petechne or ecchy- 
moses, and hemorrhage maj also take place from ulcerations, najvi, or recent 
scars, or from the lips, gums, and ulcer of the frenum Haemoptysis and 
hnsmatemesis are rare Hemorrhage may be found in the pleura, cerebrum, 
kidney, adrenals, and other organs at autopsj'^ Abortion and metrorrhagia 
are lareb caused by whooping-cough 
Respiratory Tract QHdema of the glottis has been reported by Barthez 
and Sannfe Spasm of the glottis, the so-called convulsion tnieme of the 
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French, is raie In this condition the bieathing ceases after expiration, 
the face swells, the body becomes cyanosed, and the child may fall uncon- 
scious and a convulsion follow The attack ends with a long crowing 
inspiration and the child breaks out in a profound perspiration This 
condition may prove fatal 

Bronchitis is always present during the catarrhal stage, but may be 
regarded as a complication during the spasmodic stage and defervescence 
Congestion of the lungs is not mfrequently seen, and is often described as 
abortive pnemnonia With it fever symptoms like the initial stage of lobar 
pneumonia, and sometimes even slight dulness, are found, but the con- 
dition clears up m a day or two Bronchopneumonia is the most frequent 
serious complication and is the cause of nine-tenths of the deaths It may 
occur m the veiy young, m whom it is a particularly fatal complication 
Lobar pneumonia is rarer and not so fatal Pleurisy may be seen occasion- 
ally, and an effusion may be present Bionchiectasis occasionally follows 
whooping-cough, and is said to be frequent after measles and v hooping- 
cough together Acute emphysema is present in nearly every case, and 
extreme grades may be met with There may be rupture of the lung and 
cutaneous emphysema 

Alimentary Tract — Catarrhal conditions of the stomach and intestines 
are frequent, and diarrhoea is not uncommon The so-called mucous 
disease if present is always aggravated, or, if children have had it, recurrence 
may be looked for Prolapse of the rectum may occur, and hernia of any 
vanety may be caused by the severe coughing 

Kidneys — ^Albuminuria may be present m some cases Aeute paren- 
chymatous nephntis is a rare complication 

Nervous Complications — ^These are numerous and have been studied 
by various observers Paul Valentin gives the following classification 


1 Psychoses a Dehnura, hallucinations 

b Depression of spirits (apathy) 
c Imbecility 

2 Neuroses a Hysterical attacks 

b Epileptiform attacks 
c Choreiform and other convulsive attacks 


3 Motor Troubles 

4 Sensory Troubles 


a Convulsive e g, eclampsia, cramps, and spasm of 
glottis 

6 Paralytic e g , hemiplegia, monoplegia, and aphasia 

a Amesthesia 
b Deafness 
c Blindness 


Rhein^ has also made a very satisfactory study of the subject and has 
collected the literature 

Psychoses — ^hleschede has reported a case of a child with hallucinations 
of sight, healing and touch Delmum has also been observed Depres- 
sion and apathy may occur, and Mobius had a case of melancholia There 
may be mental deterioration and imbecility, while epilepsy and chorea have 
been reported after whooping-cough This last may sometimes be due to 
intracranial hemorrhage 

O 

^Journal of the American Medtcal Assocmhon, 1905, p C97 
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Cranial Neiies — ^Blindness may follow hemoirliage, or optic atrophy and 
deafness may occui from the same cause Paralyses of the various motor 
nerves, evidently due to hemorrhage, have been reported The sixth nerve 
has been involved, evidently from hemorrhage mto the pons, and par- 
alyses of the crico-arytenoid muscles hav^e occui led 

Convulsions — ^These may be general oi limited, especially m children about 
the age of teething Twitching of groups of muscles, particularly those sup- 
plied by the facial nerve, may be seen 

Ccicbral Ilcinouhagc — In Valentin’s thesis 83 cases weie collected Of 
these 16 were monoplegia, 40 hemiplegia, and 5 or 6 paraplegia The 
lesion m some was found to be h'^'peiiemia, m others punctate and larger 
liemorrhages, whilst m some no lesion was noted In 21 cases the loca- 
tion of the lesion was as follows Bram, 7, between the dura and the 
skull, 2, menmges, 1, brain substance and meninges, 2, capillary hemor- 
rhage, 2, hypenemia, 4, no change, 3 

In Valentin’s cases there was paralysis m 79 cases In 64 the result is 
stated as follovv^s Cured, 28, deaths, 14, incurable, 22 Valentin attributes 
the hemoirliage more to the toxiemia than to the paroxysms The location 
of 42 cases collected by Hochenjos showed Menmges, 6, cortical, 2, 
central, 8, ganglia, 6, location not given, 24 Leroux collected 38 cases, 
and of these 25 were under five yeais of age hlobius has recorded an in- 
teresting case in which there was a hemiplegia with considerable mental 
disturbance The paralysis cleared up, followed by a return of intelligence, 
m about four months George S Brown has reported a case of subdural 
hemorrhage in which the clot was removed by operation, with complete 
recovery 

Oihe) Lesions of the Bmm and Coid — Numerous other conditions have 
been reported Encephalitis has been noted and also sclerosis Cerebral 
diplegia may follow whooping-cough, Foggie has reported such a case 
Beinhardt has reported a child aged fiv^e years wdio after a paroxysm became 
stiff m the legs, but this finally disappeared entiiely Hagedom had a case 
in which theie was paraplegia, then ptosis and spasm of the facial muscles 
Later there w as complete paralysis and finally death Mobius has reported 
a case of ascending (Landry’s) paralysis in a child aged three years in 
which complete recov'ery took place The author regarded it as a case of 
multiple neuiitis A case of hydrocephalus has been reported as following 
w hooping-cough 

Peiipheral Neives — ^Neuiitis from whooping-cough has been studied by 
Eshner and Aldnch There have been but few cases leported, Eshner 
collected six, including the case of Mobius referred to above 

Diagnosis — ^Tliis is raiely difficult aftei the disease has thoroughly 
developed In the catarrhal stage theie is little ro separate it from an ordi- 
nary bionchitis except the presence of the Ijunphocytosis The possibility 
of infection is also a point of some value, and the occurrence of the disease 
111 the family , school, or fnends of the patient, should alw'ays be sought A 
virulent cough m a child wdio has nev’er had wdioopmg-cough is alw'ays 
suspicious, especially if it is prolonged and frequent at night The blood 
examimtion is important As soon as the spasmodic stage is reached there 
IS little difficulty' If the child does not hav'e a paroxysm m the presence of 
the phv sician one may be brought on for diagnostic purposes by' the follow'ing 
method suggested by Gmda Hold the child as for a throat exammation. 
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then introduce a spoon along the teeth, and when the child opens the mouth 
carry the spoon to the base of the tongue in such a manner that the epiglottis 
comes into view A paroxysm is produced, and this is more severe in whoop- 
ing-cough than in any of the conditions which may be mistaken for it 
Variot suggested a moie painful procedure for bringing on a paroxysm, 
namely, passing the finger into the mouth as m domg an intubation, raising 
the epiglottis, and piessing upon the larjmx 
The spasmodic cough heard in children with enlarged bronchial or 
tracheal glands is more like whooping-cough than the cough heard in any 
other condition Barthez and Sann6e give the following table of differential 
points 


Whooping-Cough 

1 Contagious, epidemic 

2 Three periods, second paroxysmal 

3 Paroxysmal cough with whoop, vomit- 

ing and viscid expectoration 

4 Respiratory sounds normal 

5 Respiration normal in interval, apy- 

rexia if simple 


6 Voice natural 

7 Usually acute 


Enlarged Glands 

1 Isolated, not cont^ious 

2 No distinct periods 

3 Paroxysms short, frequent without the 

whoop, expectoration or vomiting 

4 Signs of enlarged glands sometimes 

present 

5 Asthma m some cases alternating 

with paroxysms Febrile movements 
with recrudescence in the evening, 
sweats, progressive wasting, etc 

6 Sometimes a change in voice 

7 Chronic 


In hysteria there may be a spasmodic cough, but this lasts longer, and there 
may be bloody expectoration Croup comes on suddenly and wears off by 
morning, to recur usually for several nights Acute oedema of the glottis is 
attended by inspiratory dyspnoea, aphonia, and shock Laryngismus 
stndulus has no prodromes, and is often accompanied by carpopedal spasms, 
and the course of the disease is different Spasmodic cough may occui in 
catarrhal laryngitis, with elongated uvula, adenoids, and enlarged tonsils 
Paroxysms of coughing not unlike whooping-cough may be caused by 
foreign bodies, such as feathers, pebbles, etc , m the larynx, trachea, or 
bronchi The coughing ceases when the foreign body is dislodged Ictus 
laiyngicus, or the so-called laryngeal vertigo, is attended with a spasmodic 
cough There is a burning sensation in the larynx, cyanosis, and the patient 
falls to the ground The arms and legs are relaxed or twitch convulsively 
Recovery is rapid 

Prognosis — ^According to the older w'nters whooping-cough was a very 
fatal disease In England the mortality is still rather high In America the 
disease is regarded as a mild affection, notwithstandmg that in 1900 there 
were 9,958 deaths from -whooping-cough, a higher mortality than from|scarlet 
fever The older the child the more favorable is the prognosis In nurslings 
and children under three years of age the outlook is serious It is stated that 
nine out of every ten deaths are due to pneumonia The other causes of 
death are inanition due to loss of sleep and constant vomiting, hemorrhage 
into the brain, external hemorrhage, asphyxia, syncope, conimlsions and 
bronchitis Death has resulted from secondary nephntis In overcrow ded 
institutions the disease is prolonged and fatal, and this is also true wher- 
ever there is overcrow ding and lack of fresh air 

Prophylaxis The spread of the disease should be prevented bj' isolating 
the child The room should be disinfected if it is to be occupied by a young 
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child Especial care should be taken to avoid infecting young children and 
those with other diseases There aie no measuies ivhicli will prevent an 
individual taking the disease, if he is susceptible, e\cept the avoidance of 
infection The patient should be regarded as a source of infection until the 
spasmodic stage is mer 

Treatment — ^IMuch can be done to make the course of the disease less 
seiere but it is extremel} doubtful if any treatment has an influence m 
shortening the duration The peasants in Southern Germany have a saying 
that it continues until it stops There is scarcely a disease in which as many 
drugs and therapeutic measures hai'e been recommended, and it would 
require several pages to enumerate them On the other hand, there are many 
physicians vho unfortunately agree with the dictum, attributed to Franck, 
“You can lull a v hooping-cough child before the affection has run its course, 
you can never cure him ” 

Hygiemc Measures — ^These are of great importance The child should 
lead a quiet, out-of-door life, free from all excitement The more the child 
IS 111 the fresh an the less severe the disease The sleeping-apartments should 
be thoroughly aiied during the day and well ventilated at night If the child 
cannot be out of doors, on mg to his condition or bad weather, it should be 
taken from room to room and not allowed to spend all the time in one unaired 
room as is so frequently done As far as possible the temperature should be 
ei en and the child protected from extremes and also from winds, dust, and 
irritating vapors The clothing should be suited to the weather The child 
should be clothed vith sufficient warmth, but not be burdened vith extra 
M raps either by day or night In cold weather the bed should be v armed 
before the child is put into it, as contact with cold sheets is liable to bring on 
a paroxysm The child should not be bathed too much during an attack of 
v hooping-cough 

The diet should be light and nourishing Younger children may be put 
on an exclusive milk diet, and this should also be done whenever there is 
much vomiting The feeding may become a very serious problem, and it 
should be the first care from the onset of the disease If one meal is vomited, 
another should be given immediately, as each paroxysm is usually followed 
by a period of comparative quiet In such cases the amount given should not 
be too large Rectal enemata may be used if necessary, and even sub- 
cutaneous injections of oil in extreme cases Great care should be taken not 
to upset the stomach vith nauseating drugs 

Psychic treatment is of some value, and the child should be instructed to 
cough as few times as possible hlost of the paroxysms come on spontane- 
ously, but some nenous childien do an unnecessary amount of coughing 
Strong emotions may bring on or cut short paroxysms, and the number may 
be diminished by fnght Severe punishment, which should under no cir- 
cumstances be used, is recorded as sometimes influencing the disease 

Anj thing v Inch reduces the number of paraxysms or cuts them short is of 
great valae, as it lessens the danger from prolonged and severe coughing 
Nageh has suggested an ingenious method of stopping the paroxysms This 
consists m pulling the jav fom ard and dovmward in the manner frequently 
employed bj amesthetists This can be done by the mother or nurse every 
time the child feels a paroxysm coming on Kilmer recommends a snugly 
fitting elastic band applied about the abdomen This he claims lessens the 
number of parox-\ sms and the ^ omiting It is applied as follov s A stock- 
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inette band, similar to those used under plaster jackets, is applied to the 
body from the a\illa 2 to the pubes and two shouldei straps are used to keep 
it from shppmg On this stockinette a width of silk elastic is sewn so that 
it goes around the body and covers the entire abdomen The elastic is of 
the same quality as that used for stockings and in older children two widths 
may be necessary It should be pinned slightly on the stretch and then 
sevm on so as to keep it from curling 

Molm, of Norway, advocates frequent disinfection v ith sulphur of theroom 
occupied by the patient He claims to have cut short the disease by tlus 
method Formahn disinfection has been used for the same puipose and 
formahn vapor m aveiyjdilute foim has been suggested as a method of tieat- 
ment Compressed air-chambers have been devised, and good results are 
claimed by certain writers A number of observers claim that anti-diphther- 
itic serum injected several times during the disease lessens its seventy and 
shortens its course 

The idea that vaccination influences the course of whooping-cough dates 
from Jenner’s time Poschi advises vaccination at the beginning of an epi- 
demic He states that it has no curative effect after the disease has passed 
the initial stage, but has when it is practiced during incubation Recent 
vaccination protected those who had been lecently exposed, but children 
vaccinated a year previously were not protected 

Inhalations, sprays, and insufflations of powders have been recommended 
Among the best inhalations are creosote, oil of eucalyptus, and caibolic acid 
vapors A dram (4 gm ) of any one of these is added to a pint (500 cc ) of 
water and the steam inhaled Sulphurous acid obtained by burning sulphur 
pastilles IS also used Bravo and Soltman use cypress oil This is diluted 
with alcohol 1 to 5, and from 2 to 3 drams (8 to 12 gm ) are poured on 
the pillow or underclothing four times a day Of the sprays, 2 per cent 
solutions of salicylic acid or resorcin are the most highly lauded The 
throat is sprayed every two or three hours, the child being told to breathe 
deeply while it is being done Local applications of various kinds are made 
to the nose and throat 

Internal Medication — ^hluch can be done to render the patient more 
comfortable and lessen the numbei of paroxysms No one drug acts equally 
well m all cases and the effect of any drug may dimmish if used continuously, 
but after stopping it for some time it may be resumed with benefit Any 
medication causing nausea or vomiting should be stopped immediately The 
following are the most useful of the numerous drugs recommended 
Heroin hydrochloride is one of the very best, as it quiets the cough and exeits 
a sedative action It is best given in an elixir m doses of gr Tos to ^ (0 00065 
to 0 0027 gm ) four to six times a day Belladonna is given as the tincture, 
in doses of from 1 to 10 minims (0 06 to 0 6 cc ) four or five tunes a day 
A small dose should be given at first and this increased until slight flushing is 
observed about twenty minutes after it is administered This dose may be 
continued Blonds require much smaller doses than brunettes Delirium, 
mydriasis, and dryness of the throat, may be caused if the dose is too large" 
or in very susceptible mdmduals Antipynne is a most valuable drug" 
It should not be given too continuously nor when the heart is v eak It 
may be gi\en m doses of 1 to 5 grains (0 0625 to 0 324 gm ) Codeine sul- 
phate may be added to this vith advantage From gr ia to ^ grains (0 001 
to 0 016 gm ) may be used, accordmg to the age of the child For younger 
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children it is best given m syrup of orange, older children may take it in 
capsules 

Quinine, as suggested by Bmz, is of considerable value, especially m older 
children, but the large doses m younger children are liable to cause nausea 
It IS given in doses of about gr | (0 01 gm ) for each month of the child’s age, 
and about gr 1^ (0 1 gm ) for each year of the age This dose should be 
given four times a day In some children the effect on the cough is remark- 
able, m others the poisonous effect of the drug precludes its use Ansto- 
chine has been highly lauded by Kettel He advises gr 1^ (0 095 gm ) for 
each month of the child’s age, three times a day, the dose not to exceed 15 
grains (1 0 gm ) under one year of age nor 30 giams (2 0 gm ) m older 
children 

Camphor ivas recommended by Max Jacobi in 1804, and still has many 
advocates Its chief value is probably due to the stimulating effect Croton 
chloral hydrate is advised by Eustace Smith He gives 1 gram (0 06 gm ) 
e^ery two, thiee or more hours, according to the age of the child and require- 
ments It IS often useful to add to this a double quantity of potassium bro- 
mide Fluoroform has recently been used by Stepp and others, apparently 
^\lth excellent results A 2 to 2 5 per cent aqueous solution is used, and of 
this 3 1 to 2 (4 to 8 cc ) IS given every hour or two It sometimes causes 
slight phar^mgeal irritation Bromofoim is of great value m lessening the 
numbei and severity of the paroxysms, but there is danger of poisonous 
effects from overdosage It should not be prescribed among ignorant or 
careless people From 1 to 5 drops may be given at a dose Emulsions 
should be thoioughly shaken before each dose It is best to drop the 
drug on sugai Neumann observed that the sputum becomes thicker as the 
cough diminishes and suggests that medicaments be given to thicken the 
sputum and so lessen the cough Excessive vomiting can sometimes be 
relieved by cocaine given twice daily About gr h (0 01 gm ) is given at 
a dose 

Leuriaux has pioduced an antitoxin serum which he claims to have used 
V ith success Kelaiditis also claimed to have a cuiative serum. 



CHAPTER XVI 

MUMPS 

By JOHN RXJHRAH, M D 

Synonyms. — Parotitis epidemica, Latin, cynanche parotida, French, 
les oreillons, German, Ziegenpeter 

Definition — ^Mumps is a specific infectious disease characterized by fever 
and by swelling and tenderness of the salivary glands, usually of the parotids, 
but sometimes of the submaxillary and sublingual glands Metastases occa- 
sionally occur in other organs 

History — ^Mumps was descnbed by Hippocrates In 1761 Hamilton 
called attention to the orchitis, and Mangor, in 1773, recognized it as being a 
contagious disease 

Etiology — ^Mumps occurs in epidemics, especially in schools, colleges, and 
barracks, and is endemic m the larger cities Epidemics are apparently un- 
influenced by weathei or climate, and the sexes are about equally affected 
The maiority of the cases occur in children between five and fifteen years 
of age Under five years the susceptibility to the disease is not great, and 
after fifteen it appaiently diminishes with age Nuising infants aie usually 
immune and may not contract the disease even when nursing the breast of a 
woman with mumps , but cases have been reported during thenursing period 
The disease may be transmitted through the placental circulation White 
relates a case of a woman whose child showed signs of the disease six days 
after delivery, and the woman heiself had swelling of the parotid on the 
following day Comby cites a case in which a woman eight months pregnant 
developed mumps, and her child, bom at term, showed marked swelling of 
the parotids and had difficulty in swallowing After increasing for two days 
the swelling gradually disappeared Individuals of sixty or seventy years 
are not immune, and cases may occasionally be seen at that age 

Epidemics m institutions are usually slow^ and last seveial months, new 
cases developing from time to time, from one-quartei to one-third of those 
exposed take the disease This varies in different epidemics and wnth the 
age of the individuals exposed Barthez and Sann6e report 230 cases out 
of a school of 540 

The disease is transmissible evidently before the symptoms appear, and 
for some time, even as long as six w eeks, after they have disappeared Trans- 
mission IS usually by direct contact, and the disease is not transmitted 
through the air and only rarely by a third person or by fomites Roth relates 
a case contracted by sleeping in a bed prenously occupied by a patient wuth 
mumps, and instances are on record w here a nurse was the means of infecting 
other persons 

Epidemics in institutions and barracks are often confined to one set of 
buildings or to one enclosure In a small epidemic, m the wTiter’s experi- 
ence, m an institution wuth four groups of children, the disease confined itself 
to one group, although no care was taken to prevent the spread of the disease 
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beyond keeping the children apart from the others The same corridors 
•u ere usedj the attendants ent about freely, and the clothes were sent to the 
laundry without disinfection 

iacubation Period — ^This is usually long and is vanously stated by 
obsers^ers Roth placed the average at eighteen days, v ith a minimum of 
four days and a maximum of twenty-five days, whilst the commission 
appointed by the Clinical Society of London set the incubation from four- 
teen to twenty-five days It may safely be asserted, however, that the aver- 
age penod IS nearer three weeks than two There are undoubted cases in 
which the disease has developed after thirty-five days (Parker Douglas), and 
even after six weeks (Bemutz) 

Tmrrmni t.y — One attack generally confers immunity, but second attacks 
are by no means rare, and even third attacks have been reported several 
times Out of 230 cases Barthez and Sann6e report 20 recurrences and 3 
third attacks 

Bacteriology — A number of organisms have been described The most 
interesting and complete report is by Laveran and Catrm They obtained 
an organism m pure culture by puncturing the parotid gland, from the 
testicle, the oedematous tissue, and the blood The organism was a micro- 
coccus occunng m pairs (diplococcus), wlifch grew on ordinary media and 
was easily stained but was decoloiized by Gram’s method of staining 

Pathology —But few opportunities have been afforded for pathological 
study There is an intense hyperfemia and cedema of the gland, with consid- 
erable infiltration around it There are no subsequent changes in the gland 

Symptoms — Prodromes may or may not be present They are usually 
noted m about one-third of the cases, and come on fiom twelve hours to two 
days before the swelling appears, but in some cases theie may be piodromes 
from four to even eight days The usual prodromes are fever with or without 
a chill, general malaise, vertigo, drowsiness, vomiting or diarrhoea, and 
epistaxis, and there may also be sweats, fainting spells, pain in the ear, and 
trismus The symptoms proper are principally the glandular sw elhng, pain, 
and fever The parotids are usually affected and one or both sides may he 
m\ olved The gland enlarges rather rapidly for from three to six days, then 
remains stationary for a day or tw'o, and giadually subsides The subsidence 
IS usually complete m a w'eek or ten days, although m seveie cases it may be 
three wrecks or a month before the enlargement has disappeared entirely 
The left side is more frequently affected than the right, and where both sides 
are not affected at the onset the opposite side is generally involved in from 
one to four days In some instances it may be a w'^eek or more before the 
other side enlarges, or only one gland is affected All grades of intensity 
may be seen, and there may be light cases wdiich could be very properly 
termed abortive In these there is slight fever wuth a little tenderness and 
swelling w'hich disappears in tliiee or four days The average case presents 
a large rounded swelling at the angle of the ]aw^, wnth the lower edge of the 
lobe of the ear at its centre The sw'elhng is somewhat boggy at first but 
does not pit on pressure Later it becomes very tense, lather firm, and the 
skin 01 er it is stretched and glazed In some cases there is a little ledness, 
most marked lUst back of the ear, ivhile in others theie is a considerable 
blush of the skin and exceptionally an almost erysipelatous ledness 

In the most seiere forms, which aie rather raie, there may be enormous 
sw'elling and oedema of the tissues wduch may extend all around the neck and 
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head and as far as the outer end of the clavicle These patients present a 
grotesque, unreeognizable appearance 

The submaxillary glands may be affected after the parotids are mvaded 
In some cases the submaxillary glands alone, or the submaxillary and the 
sublingual glands, may be attacked without any involvement of the parotids 
The sublmgual glands are less commonly affected, although, like the sub- 
maxillary, they may be attaeked after the parotids or even by themselves 
without any further lesion The sublmgual tissues may be involved without 
any distmet glandular involvement, a condition which has been descnbed 
by Henoeh 

Pam IS almost a constant symptom although exceptionally absent It is 
located m the swollen gland, back of the jaw, m the temporo-maxillary 
articulation, and often down the neck Canstatt, according to Barthez and 
Sann4e, called attention to pain down the neck and m the region of the 
scapula The pain is increased on pressure, on mastication and salivation, 
and is rendered acute by taking acids, as lemon juice or vinegar, into the 
mouth, and even the sight of them may cause pain m neurotic subjects 
The throat cannot be said to be involved except m severe cases, when there 
may be swelling due to the osdema The tonsils may be pushed inward by 
this and if large may render swallowing very difficult Some authors have 
described an enanthem, but this may be regarded as a comphcatmg stoma- 
titis 

Fever is nearly always present It may precede the swelling or come on 
about the same time, and usually ranges from 102°tol03°F ,but may bemuch 
highei It disappears as the swelling subsides or sometimes several days 
before After an attack of mumps there may be a subnormal temperature 
for some days The jaw is usually stiff and in some cases the trismus may 
even precede the swelling The saliva may collect in the mouth owmg to a 
slight increase m the secretion and the difficult or painful swallowing, while 
m other cases there is a decrease in the sahva and consequently a dry mouth 
This is a symptom of which some persons complain considerably In 
unusual cases there may be little or no pain, fever, or constitutional dis- 
turbance, and the swellmg in such cases is usually slight 

Complications — ^These are numerous and vary greatly m different 
epidemics In one epidemic one particular complication may be quite 
frequent, as epistaxis, while in other epidemics another complamt, as 
abdominal pain or diarrhoea, may be common 

Metastasis — Other structures of the body may be involved, most fre- 
quently the testicle m the male, and in the female, tenderness of the breasts, 
ovaritis, and swellmg of the labia majora Swellmg of the mgmnal glands 
may occur m both sexes 

Orchitis — Exceptionally this may occur early, before the parotids are 
affected, and instances have been recorded where m epidemics it was the 
only lesion As a rule orchitis begins at the tune when the parotid swellmg 
is subsiding, but it may come on after the parotid swelling has disappeared 
entirely There is a return of the fever and constitutional symptoms, and 
these latter are often severe, although occasionally absent The testicle 
swells, becomes tender and painful, and the sw^elling continues for three to 
five days or longer and then subsides Following such an attack there may be 
atrophy of the testicle Orchitis is uncommon m infancy and not often seen 
mitil puberty or later 0^ antis occurs m the same w ay There is pam m the 
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pelvic region, ‘with swelling and tenderness of the ovary, and this lasts about 
the same length of time as orchitis The breasts may become swollen, hard, 
and painful m a similar manner, and males as well as females may be 
affected The prostate may be mvolved and cases of urethritis have also 
been reported Other glands may occasionally be affected, as the thyroid, 
which becomes swollen and tender There may be swelling of the laehiymal 
glands 

Pancreatitis — ^Pancieatitis is a httle-studied complication, but Simonin 
has reported 10 cases occurring m 652 cases of mumps The sjmiptoms 
came on between the first and twelfth day, usually between the third and 
sixth day, and lasted from two to seven days Theie was pain between the 
xiphoid cartilage and the umbilicus, sometimes radiating along the costal 
arches and even into the mterscapular, dorsal, or lumbar regions Palpation 
was impossible on account of the pam There was nausea and vomiting, 
and diarrhoea occurred in one-half the cases The fever was irregular and 
was absent m 4 Cuche states that he found tenderness over the pancre- 
atic region m 20 out of 26 cases 

Ocular Oomphcations — ^These are chiefly of an inflammatory nature 
There may be conjunctivitis, keratitis, ulcerative keratitis, intis which may 
leave synechise, retmal congestion, and optic neuritis Optic atrophy may 
follow the neuritis There may be photophobia, lachrymation and chemo- 
sis External oedema about the eyes, with marked ehemosis, may render 
the patient well-nigh unrecognizable Madonnet has reported a case where 
there was paralysis of accommodation and of the uvula, and Campari had a 
case in which tlieie was hemeralopia "nhich lasted five days and then grad- 
ually disappeared 

Ear Oomphcations — ^The most frequent of these is deafness Texier has 
collected 34 cases following mumps and m 17 it was bilateral In many 
there was buzzing m the ears and tinnitus In 13 cases there was vertigo 
lasting from a few hours to a few days, and in 4 cases there was vomiting 
The deafness may be due to middle-ear trouble or to central disease, and 
m the latter case the prognosis is bad The deafness comes on about the 
fourth or fifth day — ^sometimes as late as the tenth or fifteenth day Otitis 
media is rarely seen following mumps Hemorrhage into the labyrinth has 
been reported 

Nervous Oomphcations — Symptoms resembling meningitis may come 
on, and these may follow orchitis Complete recovery is the rule, but 
paralysis, aphasia, difficult articulation, agraphia, and other sequelie, have 
occasionally been noted Facial paralysis has been reported There may 
be very marked delirium even m adults Curious cases of aphasia and 
paralysis may be seen , 1 of aphasia with paralysis of one arm lasting five 
days has been reported Lannois and Lemome have reported cases m which 
there was aphasia and right hemiplegia which remained seveial months 
R F Smith has lecorded a case of acute mama following mumps Multiple 
neuritis has also been observed Monod has found that there is a spinal 
hmphocvtosis m some cases of mumps, and he thinks that there is some 
close relationship between the menmgeal condition and certain nervous 
symptoms, as bradycardia, headache, herpes, and menmgeal symptoms 

Respiratory Comphcations — ^Inflammatory conditions of all parts of the 
respiratory tract have been met with, such as coryza, bronchitis, congestion 



MVMPS 


467 


of the lungs, and lobar or bronchopneumonia (Edema of the glottis may 
be a dangerous comphcation, especially with widespread oedema 

Cardiac Complications — Followmg the attack there may be a slow or 
intermittent pulse, and ith this a low temperature Syncope may be noted 
Endocarditis and pericarditis are rare complications 

Renal Complications — ^Miller has collected 30 cases of nephritis following 
mumps It IS more common in males, and is of a moderately severe type, 
lasting usually a week or more and usually ending in recovery, but some 
deaths have been reported Chronic nephritis occasionally follow s the acute 
attack The nephritis generally comes on early in convalescence, but it may 
be four or five weeks after the attack before it manifests itself Albuminuria 
IS common during the febrile stage, and hspmatuna, uremia, and anasarca, 
have all been noted m the nephritis of mumps Miller suggests especial 
precaution against exposure Sylvester has reported a remarkable case m 
w'hich after a severe onset the sw'elhng and tenderness of the parotids dis- 
appeared in tw^enty-four hours, swelling and tenderness of the kidneys 
follow^ed with cessation of the renal function and the presence of cerebral 
symptoms Recovery took place, but on the eighth day an orchitis appeared 
Joint Symptoms — Occasionally there may be pain or sw^elhng of the 
joints and bursae Septic arthritis with suppuration has been reported, but 
such an occurrence should lead to a doubt as to the correctness of the 
diagnosis 

Blood — Pick reports the blood findings in mumps to be a slight relative 
mcrease in the mononuclears at the height of the disease, but no leukocytosis 
Diagnosis — ^This is as a rule easy — ^the history of exposure, with a large 
sw'elhng, the centre of w'hich is the tip of the lobe of the ear, usually suffices 
It is differentiated from enlarged Ijinphatic glands by the position of the 
sw'elhng, as in mumps the little hollow between the mastoid and the jaw is 
completely filled, w'hilst in adenitis the swollen gland is low'er dow'n Non- 
specific parotitis frequently suppurates, especially if it occurs in pyaemia 
Other Forms of Parotitis — One should bear m mind that sw'ellmg and 
tenderness of the parotid may occur from numerous causes other than 
mumps These non-specific enlargements may be classified as follows 
a Follow'ing or during infectious diseases Typhus fever, typhoid, pneu- 
monia, scarlet fever, and diplithena, may be specially mentioned, but 
sw'elhng of the gland may occur in any infectious disease These are almost 
alw'ays mfections, and suppuration is very common It is not very rare w'lth 
syphilis 

b From septic infections, most commonly after pelvic and peritoneal 
inflammations, appendicitis, cystitis, and pyelonephritis In these cases the 
affection may be si'mpathetic or due to infection 
c Following disease or injury of the abdominal or pelvic organs, and 
rarely from operations upon other parts of the body Barlow' called attention 
to this m 1886, and the subject has been reviewed by Bunts ^ Parotitis 
occurred 5 times in 200 cases of ovaiiotomy, 4 of which suppurated The 
submaxillar}' and sublingual glands may also be affected Bucknall gnes 
the following list of operations w'hicli have been followed by parotitis, eien 
though the operation w as entirely aseptic Exploratory laparotomy, gastrot- 
omy, and other operations upon the stomach, enterectomy, colotomy, 

Mwicrican Journal of the Medical Sciences^ 1904, page 803, 
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hernia operations, ovariotomy, operations upon uterus and tubes, renal 
operations, operations on the Iner and gall bladder To this list may be 
added castration, or the operations or injuries of the testes, the insertion of 
a pessaiy, the passage of a catheter, excision of hemorrhoids, and amputation 
of the leg Delnery, abortion, menopause, or disorders of menstruation, 
may also be followed by parotid enlargement 

d In chronic diseases, as diabetes, and any grave form of asthenia, and 
in the geneial paralysis of the msane Symmes has called attention to 
chronic bilateral parotitis occurrmg in the msane, and reports 5 cases, all 
over thirty years of age Three of these patients had syphilis and all showed 
stigmata of degeneration 

e In chronic poisoning, as that due to mercury, lead, or the iodides 
f In association with facial paralysis, as m the case reported by Gowers 
q In Mickulicz’ disease, m which there is enlargement of the salivary and 
lachrymal glands, coming on without any appaient cause, and persisting 
h In gaseous tumors of Steno’s duct such as are seen m glass-blowers and 
musicians 

Prognosis — ^Asarule this is good Occasionally one of the complications 
leaves a permanent lesion behind it, deafness is one of the most frequent of 
these Suppuration rarely occurs The cases in which suppuration and 
gangrene have been reported are either not mumps or are due to accidental 
infections Stewart has reported a death from syncope on the fifth day, 
previous to which the breathing had been asthmatic Atrophy of the testicle 
may follow the orchitis, or there may be a lack of development of the testicle 
if the attack occurs before puberty This is usually only upon one side, but 
it may in some instances be bilateral In these latter cases virility is usually 
retained 

Treatment — ^Mumps is a self-hmited disease, little influenced by treat- 
ment Much can be done, however, to make the patient more comfortable 
and to relieve pain The food should be liquid, or soft, so that it may be 
easily swallowed without mastication Acids and highly seasoned foods 
should be avoided A mouth wash should be used to keep the mouth clean, 
as brushing the teeth may be impossible The external application of heat 
IS grateful to many patients The swelling should be anointed with an omt- 
ment or a glycerine application to render the stretching of the skin less dis- 
agreeable Vanous medicaments arc mixed with these Five per cent 
guaiacol m an ointment, or glycennc may be used Belladonna is highly 
recommended Methyl salicylate may be applied to the gland three or four 
times a day Internally a dose of calomel or a saline should be given at the 
onset, and the bowels kept open during the attack Anodynes may be given 
if necessary Tonics, especially iron, may be used during convalescence 
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INFLUENZA 

Bt FREDERICK T LORD, M D 

Historical — Opinions differ concerning the first account of influenza An 
epidemic in 412 B C , described by Hippocrates and Livius, may have been 
influenza The epidemic of 1510 ib the first which has received universal 
acceptance Again, m 1557 there was a general outbreak of the disease, and 
m 1580 the first great pandemic is reported Four well marked epidemics 
occuried during the seventeenth and ten during the eighteenth century 
Dunng the nineteenth century there were four great pandemics 1830-32, 
1836-37, 1847-48, 1889-90 Hirsch, however, mentions fifty-three years m 
which epidemic influenza occurs between 1800 and 1875, and Ripperger 
notes seven years between 1875 and 1889 A survey of the Index Catalogue 
shows that not a J'ear has elapsed from the last great pandemic to 1902 v ith- 
out a record of local outbreaks in some part of the world 

The scanty reports from the earlier times cannot be regarded as indicating 
an absence of influenza, which may always have been as prevalent as m the 
last centuiy Following many of the extensive epidemics, it has been 
repeatedly obsened that the disease recuried at vary mg intervals, at times 
lasting for several years 

Epidemiology — ^It is difficult to trace the origin and course of the different 
epidemics, especially the earlier ones Some of the great pandemics, notably 
the last, afford evidence of a general direction from East to West The dis- 
tribution of the disease has been variable, from local to general diffusion, at 
times covering the greater part of the globe as true pandemics Even before 
1889-90 it was noted that the disease prevailed without relation to the 
climate, wind, weather, or telluric conditions In rapidity of progress the 
outbreaks exceed tliat of any other known disease, and were thought too 
rapid to admit of contagion from person to person 

A careful statistical study was made of the last great pandemic and 
valuable data were obtained by numerous collective mvestigations Am ong 
the most notable pioductions A^as the report on 55,263 cases m the German 
army, on 22,972 cases in Munich (where notification was compulsory), and 
Parson’s Local Government Report Lejden and Guttmann’s report of the 
German CollectiA’^e Investigation represented an enormous amount of Avork 
G B Shattuck’s and Abbott’s studies in Massachusetts Avere the most pains- 
talang in America Leichtenstern’s account of the disease m Nothnagel’s 
Ilandbiich, aaIucIi has been used freely, is the most complete in the literature 
1889-90 — ^The origin of this pandemic, like many others, is uncertam 
The outbreak in Hongkong m the fall of 1888, m Buchara m the middle of 
hlav, 1889, or in Tomsk in the beginning of October, may ha\e been the 
starting point of the epidemic Avliich occurred m St Petersburg toward the 
end of October By Noa ember the disease had saa ept through Germany and 
France, b^ December through Aiistna, SAAcden, Denmark, Saa itzerland, 
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Italy, Spam, Portugal, Belgium and the Netherlands, England, the Balkan 
States, and North America By March, it had reached India and Australia, 
by Apnl and May, Chma and the Gold Coast of West Africa Berlin was 
invaded the middle of November, Pans fiom the 17th to the 20th of Novem- 
ber, London the second week of December, Boston and New York the 17th 
of December Y ithin a year it had visited nearly all parts of the world 

Scarcely was the pandemic of 1889-90 ended when small local outbreaks 
reappeared m a few places In the winter of 1891, however, an extensive 
epidemic occuired m the United States and the North of England, but seems 
largely to have spared Europe, w'lth the exception of small scattered local 
outbrealcs A direct relation between these isolated infections could not be 
established, and they seemed to come from local sources Again m the fall 
of 1891 and spnng of 1892 there was a third outbreak, this time again reach- 
ing the proportions of a true pandemic 

A study of the reports of the first great pandemic of 1889-90 from all parts 
of the world show^ea that the disease had not spread, as had been previously 
believed, faster than modern modes of conveyance, but rather followed the 
lines and did not exceed the rapidity of human intercourse A succession 
of scattered cases preceded and led up to the epidemic m the regions attacked 
The principal commercial cities or larger garrisons were first invaded, then 
the smaller places and the neighbonng country On boats the disease first 
appeared after touching at an infected port Institutions little m communi- 
cation -with the outside -world, such as pnsons, convents, and lunatic asylums, 
were often spared or affected later than the neighboring population When 
cases did occur they -vi ere at first often exelusively among those having inter- 
com se with the outside world Thus the great mass of evidence is in favor 
of the direct transfer of the disease from person to person 

In the twm later epidemics a more irregular course w'as followed, the 
spread from place to place could no longer be traced The disease diffused 
more gradually and lasted longer m a given neighborhood Fewer persons 
were attacked 

Morbidity — In general about 40 per cent of the population were attacked 
m the first great pandemic, thus repeating the experience of pre\nous out- 
breaks and maintaining a record equalled by no other disease Though no 
age IS exempt, infants and old people seem least disposed to infection The 
relation of age is apparent m the Munich cases, where of 22,972 persons 
affected, about one-half w'ere between twenty-one and forty and about one- 
third betw'een tw^enty-one and thirty years of age Males and the robust 
members of the community seem more susceptible, probably because of their 
more frequent exposure 

Duration of Epidemic — The invasion period, from the recognition of the 
first cases to the beginning of the epidemic, w'as usually fourteen days In 
a given locality the epidemic commonly lasted for four to six weeks, allowing 
tw'o to three w^eeks for it to reach its height and an equal period for its decline 

Meteorological Conditions — ^hlany of the older writers note the concur- 
rence of surprising natural phenomena and outbreaks of influenza We are 
left, however, with but one plausible relation — ^that of the seasons Of 125 
independent epidemics, collected by Ilirsch, 50 began m the winter months, 
35 in the spring months, 16 in the summer months, and 24 in the fall 
months Once developed the disease seems to run its course equally through 
all the seasons Its more frequent onset in the colder months may perhaps 
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Fio 1 — Influenza bacilli in «putum 1000 

r:c 2 — Influenza bacilli in alveolar exudate X 1000 

Fir 1 — Culture of influenza bacilli on blood apar (low magnification) 

Fir 4 — Smear preparation of influenza bacilli from culture v 1000 

Fir I — Smear preparation of influenza bacilli from culture 'liowang tlie occasional larger size 
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be explained by a lack of sunshine, for Ruhemann finds that the num- 
ber of cases of sporadic influenza is greatest when there is least sunshine 
T-mrrmm t.y — ^Unfortunately we know little about immunity in influenza 
Statistical studies of institutions on this point are rare, and it is to be hoped 
that in recurring epidemics more data will be obtained In the Industrial 
School at Swmton m which 29 per cent of the ehildren suffered in 1890, it 
was noted that m the epidemic of the next year about twice as many cases 
occurred among those who had not preiiously had the disease 
Population immunity may explam the freedom of the European continent 
in the spnng of 1891, while mfluenza was epidemic in the United States and 
the North of England It may also account for the smaller proportion of 
persons attacked durmg the isolated epidemics which followed the pandemic 
and the gradual dying out of the disease in epidemic form Variation m the 
virulence of the infecting oiganisms may likewise be a factor 
Influenza m Animals — No definite relation has been established be- 
tween epidemics m man and in animals 

Etiology — In 1892, Pfeiffer* published his preliminary communication 
based on the study of 31 cases of influenza, with 6 autopsies This 
was followed m 1893^ by his more elaborate report on the etiology of the 
disease The organisms were found in all the uncomplicated cases in pure 
culture m the sputum He was unable to find them in many control investi- 
gations of ordinary bronchial catarrh, in pneumonia, or m phthisis, and they 
disappeared with the subsidence of the purulent secretion 

Methods of Examination — Staining — The fresh sputum should be 
spread in a glass dish and the purulent masses or streaks separated by means 
of the platinum loop In making cover-glass preparations great care should 
be taken to avoid contamination with the more fluid parts The organisms 
take the stain y ith difficulty and therefore the staining fluid must be heated 
or alloyed to remain on the cover-glass for five to ten minutes The best re- 
sults are perhaps obtained with Loeffler’s alkaline methylene blue Dilute 
carbol-fuchsm may also be used When stained the organisms appear as 
minute rods, two to three times as long as broad, often m great numbers m 
and between the pus cells Their ends are rounded and usually take the 
stain more deeply than the middle They have no capsule and do not 
stain by Gram’s method In Smith’s® method, the organisms stand out m 
strong contrast to the eosin coloration of the leukocytes 

Cultivation — A purulent mass of sputum should Te washed by two or 
more passages through sterile bouillon or salt solution The organisms grow 
only m the presence of hiemoglobm, and culture tubes may be most con- 
veniently prepared by pnckmg the previously sterilized dorsal aspect of the 
thumb, ]ust above the nail, and smearing the blood on the surface of plain 
agar slants The washed sputum is then transferred to the surface of this 
blood agar After tv enty-four to forty-eight hours m the incubator, if the 
culture IS pure, minute, transparent, dew-drop like colonies appear, often 
visible only with a hand lens They show little tendency to confluence 
Under the microscope they are structureless When growing in symbiosis 
with other organisms, the influenza colonies reach a much larger size, are 
more opaque, grajnsh-white in color, and shoy a fine granulation under the 

'Pfeiffer, Dcvl mcd Woch , 2, 1892, p 28 

-Pfeiffer, Zeit s Hygiene, -viii 1893 

5 Smith, Boston Medical and Surgical Journal, December 18, 1902 
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microscope This peculiarity is most marked about colonies of Staph- 
ylococcus pyogenes aureus, a biological peculiarity first pomted out by 
Grassberger 

The influenza bacillus is strongly aerobic No growth takes place above 
43° or beloiv 26° to 27° C In stenle tap water at room temperature growth 
does not occur after thirty-two hours On blood agar viability is lost, after 
fourteen to eighteen days, whether at room temperature or in the incubator 
On repeated transplantation, however, especially in symbiosis with the 
staphylococcus, growth may be indefinitely prolonged From dried sputum 
no growth can be obtamed after thirty-six to forty hours Spore formation 
has not been observed 

Pathogenesis — Ammals — ^Pfeiffer was unable to cause a true infection 
in many experiments on mice, rats, gumea-pigs, rabbits, hogs, cats, dogs, 
and monkeys Isolated examples of animal infection are found in the 
literature The results are very inconstant and there is little evidence that 
multiplication of the mjected organisms takes place Jacobson reports an 
mcrease of virulence when injected Avith the streptococcus into mice Slati- 
neano, after senal passages with Ucticacid through thegumea-pig, rabbit, and 
mouse, succeeded in killing animals with influenza bacilli alone 

Human Infection — ^The microscopic picture of influenza pneumonia 
IS so striking that the impression is irresistible that the bacilli crowding the 
leukocytes are the cause of the process The finding of influenza bacilli as 
the sole infecting agent in extrapulmonary lesions affords valuable con- 
firmatory evidence of its power for human infection Pure cultures of in- 
fluenza bacilli have been found in the pus of acute suppurative cholecystitis, 
in the exudate from a phlegmon of the arm, and m osteoperiostitis of the 
femur They have also been demonstrated in a number of cases as the 
apparent sole cause of meningitis 

Agglutmation — Confirmation of the pathogenic power of the organism 
from the presence of a specific reaction has not yet been established Cantani 
claims agglutination of influenza bacilli in noimal salt solution mixed with 
the blood of influenza patients In a senes of such experiments, however, 
the writer found that the necessary dilution was low, that the reaction was 
very inconstant, and that the blood of apparently uninfected individuals 
also produced clumping 

Specificity — ^The influenza bacillus, contrary to Pfeiffer’s original ob- 
servations, has been found in mterepidemic penods, with or without in- 
fluenza, by a great many investigators It is not only a very frequent 
infecting agent m cases of acute respiratory disturbance dunng the inter- 
epidemic period, but may even be found m many cases of chronic cough, the 
ongm of vhich in an acute attack cannot be established, as was shown in 
the writer’s cases In a senes of 186 sputa,^ from cases unselected except to 
exclude those v itli tubercle bacilli, organisms resembling influenza bacilli 
V ere found in 59 per cent and in almost pure culture in 25 per cent In 8 
patients their constant presence m the sputum was demonstrated for two 
and one-half years, and the suspicion is strong that they had been present 
for a much longer penod 

The most natural speculation ^eems to be that the great prevalence of 
influenza bacilli m mterepidemic penods serves to bridge the gap between 

'Lord, Boston Medical and Surgical Journal, May 11 and IS, 1905 
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recurnng outbreaks Until proof can be offered to the contrary this must be 
assumed to be the explanation , but their relation ivith the disease rests only 
on their presence and more often m the severe cases with bronchitis and 
bronchopneumonia They aie frequently found in cases without a typical 
clinical picture of mfluenza, and the disease cannot be produced experi- 
mentally m animals It may be that they are secondary invaders, and that 
the true cause is yet unknown The solution of the problem may not be 
accomplished until the next pandemic and the necessary confinnation of 
Pfeiffer’s belief in their etiological relation with the disease 

On the other hand the clinical and pathological picture caused by infection 
with other organisms cannot be differentiated from infection with influenza 
bacilli The same symptoms of onset and course, a like degree of prostration, 
and similar pulmonary sequelie, are common to them all It may be, there- 
fore, that other common respiratory organisms can set up epidemic as well 
as endemic infection We must otherwise assume a different biological 
peculiarity for the influenza bacillus, enabling it alone to reach epidemic and 
pandemic prevalence, either through increase of susceptibility on the part of 
the host or increased virulence of the organism 

Classification — ^Regarding the frequence of sporadic cases of influenza, it 
seems necessary to add to (1) pandemic mfluenza vera and (2) endemic- 
epidemic mfluenza vera, still another class, of (3) endemic mfluenza vera, 
also due to the influenza bacillus and serving to preserve the organisms for 
recurring outbreaks 

Pathology — Because of the low mortality, observations on the pathology 
of the disease are not numerous Our knowledge of this aspect is largely 
confined to changes occurring in the respiratory tract or its adnexa 

Swelling and injection of the nasal mucous membrane, with muco- 
purulent secretion, may be noted ’Weichselbaum constantly found a pur- 
ulent inflammation of the nasal sinuses The frontal and ethmoid sinus 
and the antrum of Highmore may be invaded Otitis media is frequent 
Meningitis may occur Inflammation of the larynx, trachea, and bronchi, 
may also be piesent 

In the lungs the typical change is bronchopneumonia, wdiich may exist 
in isolated patches separated by air-holding tissue The confluence of 
neighboiing areas may resemble croupous pneumonia on superficial examin- 
ation On inspection, in the centres of the involved lobules grayish-yellow 
pm-head to pea-sized slightly elevated foci may be seen, surrounded by 
engorged pulmonary tissue On pressure, a greenish-yellow thick pus may 
exude from the infiltrated tissue or the cut ends of the bronchi On micro- 
scopic examination, the bronclual epithelium may be found Ijang free 
in the lumen, separated from the submucosa The smaller bronchi may 
be entirely filled w'lth leukocytes wnth complete absence of epithelium 
The peribronchial connective tissue may likewise be infiltrated with cells 
Enormous numbers may crowed the neighboring alveoli for varymg dis- 
tanees from the affected bronchi and completely effaee the normal pul- 
monary structure The cellular character of the exudate is usually very 
striking, but varjnng amounts of desquamated epithelium, serum, and 
fibnn, are present The fibnn, how'ever, is much less abundant than in 
croupous pneumonia 

Great numbers of influenza bacilli are found m and among the pus cells of 
the bronchi and aheoli m the areas of most marked bronchopneumonia 
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They become less numerous as the periphery of the lobular process is 
approached 

Abscesses — ^In the microscopic sections of influenza pneumonia it is not 
infrequently noted that the alveolar septa are absent in small areas of most 
marked cellular infiltration, apparently forming the beginning of small 
abscesses In a smaller number the cells in these places may be necrotic, 
suggesting the impossibility of full restoration to normal Smith noted 
softening 'with abscess formation in sections from 1 of 5 cases Well- 
marked pulmonary abscesses were present m 2 of 13 cases of influenza 
bronchopneumonia studied by the writer 

Induration — In subacute or more chronic cases an increase of connec- 
tive tissue can be observed In Weichselbaum’s study of 8 cases of 
bronchopneumonia in which he demonstrated influenza bacilli he observed 
a more or less advanced pulmonary induration m 3 In the writer’s 13 cases 
pulmonary induration was present in 7 (macroscopic in 3, microscopic m 4) 

The writer does not believe that the pathological picture of infection with 
influenza bacilli is distinctive The same changes are seen in cases of 
bronchopneumonia representing infections with other organisms, m which 
influenza bacilli cannot be found 

Symptoms — ^Incubation Period — ^The interval between exposure and 
infection is undoubtedly short In Parson’s returns it was fixed usually at 
two to three days, in rare instances from a few hours to a week or more 

Typical Influenza Attack — Prodromal symptoms are usually lacking 
Most cases begin suddenly An initial chill or chilliness is followed by fever, 
headache, and general pains Malaise and prostration are usually striking 
Catarrhal respiratory symptoms, commonly limited to the upper part of the 
tract, so frequently occur that they must be regarded as a part of the charac- 
teristic picture 

Disturbances referable to various organs may occupy the foreground, con- 
stituting the respiratory, nervous and gastric forms of the disease In rare 
cases influenza may apparently occur as a simple fever, of short duration, 
without localization of the process Various combinations of the different 
forms may appear in isolated cases, thus complicating the picture The 
disease may present a different clinical picture at different times or in differ- 
ent places Variations from the simple, uncomplicated type were more 
common in the succeeding epidemics than m that of 1889-90 In children the 
clinical picture may be even more variable, with a larger proportion of serious 
initial nervous phenomena The duration of the simple and typical attack 
does not usually exceed one to several days Convalescence is rapid in most 
cases but may be slow even after a mild infection 

Types of the Disease — Despite its vagaries, the prevailing picture of the 
disease in all epidemics has been that of a respiratory infection In Vogl’s 
278 cases from the last pandemic, the “overwhelming majority” had catar- 
rhal symptoms m the nasopharynx, trachea, or bronchi Eight were fatal 
from disease of the respiratory tract The mortality returns from most of 
the large cities before, during, and after the epidemic, show that influenza 
has left its impression on them only in an increase of deaths from respira- 
torj’’ disease, which marks off n ith almost unfailing accuracy the prevalence 
of an epidemic in a given locality A striking increase in the number of 
cases of inflammation of the middle ear during the epidemic still further 
fixes the respiratory tract as the place of election for influenza It seems prob- 
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able, therefore, that respiratory infection represents the tjqie of the disease 
Symptoms arising m connection with other organs may be infection proceed- 
ing from an unrecognized portal of entry m the respiratory tract, or may be 
due to toxaemia The local lesion may be slight and easily overlooked in the 
predominance of nervous, gastnc, or febnle disturbances 

1 Respiratory — ^The onset is like that m other acute diseases The 
catarrhal process may begin at any part of the tract and remain localized, or 
spread by continuity The upper air passages are more frequently ln^ oh ed 
Prostration is often strikingly out of proportion to the local lesion In mild 
cases the symptoms may rapidly subside In more severe attacks the secre- 
tion IS abundant and the whole tract may become involved The fever 
continues, there may be delirium and great weakness With invasion of the 
deeper parts, cough may be very distressing, with dyspnoea and cyanosis 
Rhinihs — Coryza is perhaps the most common symptom It may be 
accompanied by anosmia and conjunctivitis Extension of the inflammation 
to the ethmoid cells, the frontal or sphenoidal sinus, and the antrum of High- 
more, is common m severe infection Distressing frontal headache or facial 
neuralgia may result Influenza bacilli, mixed with other organisms, have 
been demonstrated m all these regions 
Tonstlhiis — Rawness of the throat, with redness of the tonsils and slight en- 
largement of the cervical glands, is common The general symptoms may be 
se^ele, but marked local changes are rare Tonsillitis was reported m only 
3 percent of the 287Bavanan array cases Influenza bacilli are usually mixed 
with others in tonsillar infection, and in some instances the process may ap- 
parently be piistaken for diphtheria Jehle regards the tonsils as the portal 
of entry for infection of the blood, finding influenza bacilli in their paren- 
chyma and not elsewhere in the respiratory tract m 3 of 7 cases of septicremia 
Laryngitis — Laryngitis may occur, at times the infection is severe, with 
fever, hoarseness, aphonia, and dyspnoea (Edema of the glottis has 
occurred in rare instances Tracheitis is frequently present and may be 
accompanied by substemal tickling and a burning sensation 

Bronchitis — Bronchitis usually results by extension from above, and is a 
very important manifestation The cough is at first dry and the sputum 
scanty If the finer bronchi are invaded the cough is more distressing and 
may be paroxysmal Dyspnoea may be a troublesome feature and cyanosis 
may be marked The temperature is usually elevated, falling to normal m 
favorable cases ithin a v eck If only the larger tubes are mvolved there 
may be no objectne signs of the disease It is more common, however, to 
find rales throughout the lungs and more marked at the bases They ma} be 
localized at the apices, and the subacute or more chronic cases are not infre- 
quently mistaken for tuberculosis When localized rales persist at one or 
more places, bronchopneumonia should be suspected 
The sputum becomes more abundant after a fen days and contains green- 
ish-y ellow purulent masses The character of the sputum is not distmctu e 
of infection vitli influenza bacilli In the more severe cases the cough and 
expectoration usually continue -nith gradually dimmishmg seventy for six to 
eight w eeks Though the excretion from the upper parts of the respira- 
tory tract usually shows a mixture of y anous organisms, that from the bron- 
chi and lung at first often contains a pure culture of influenza bacilli, but as 
the process clears up and the amount of sputum diminishes, other organisms 
are likely to appear 
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Broncliopneumoma — ^This is one of the most important manifestations 
Its frequence is difficult to estimate and it is piobably more common than 
statistics show, not only because of the readiness ith which small patches 
may be overlooked, but also from the failure of many observers to class pneu- 
monia as a manifestation of influenza In practically all senes of cases, both 
lobar and bronchopneumonia aie included Of the 55,263 Geiman army 
cases, 534 (0 97 per cent ) had pneumonia F C Shattuck found 8 cases 
(less than 0 5 per cent ) among 1,699 patients with influenza at the Pacific 
Mills 

The lungs are usually invaded by extension from the bronchi, but may 
apparently be primanly involved When preceded by bronchitis the pneu- 
monia seldom begins until after the fourth day Its onset may be indicated 
only by an increase of the existing symptoms It is larely abrupt and the 
initial chill is uncommon The pleural pain of croupous pneumonia is often 
absent There is increase of the dyspnoea and the sputum is at times blood- 
tinged, but the rusty sputum of croupous pneumonia is not seen m un- 
complicated bronchopneumonia The expectoration is often made up of 
discrete greenish-yellow masses surrounded by mucus Similar sputum is 
seen in pulmonary tuberculosis and after infection with other organisms than 
the influenza bacillus Influenza bacilli can often be obtained in puie cul- 
ture from the v ell-washed purulent masses 

The temperature may be only slightly elevated, is often irregular, and 
usually teimmates by lysis after a variable penod In severe cases it may 
remain elevated for weeks Sweating is frequently noted Solidification 
may occur at any part of the lung The foci may be multiple or confined to 
a single area no larger than the bell of the stethoscope The lower lobes are 
more frequently affected 

The diagnosis of influenza pneumonia is often difficult or impossible, 
unsuspected consolidation being found at autopsy Objectiye signs may' be 
limited to persistent rales at one or more places Bronchial breathing may 
be present vithout dulness, if the solidification is central In more super- 
ficial processes, there is bronchial breathing with dulness, increased vocal and 
tactile fremitus, but the signs are likely to be more atypical than m lobar 
pneumonia They may simulate flmd, and exploratory puncture should 
not be delayed 

Signs of pulmonary solidification often outlast the rise of temperature 
Resolution may be very slow and yet finally end m symptomatic efficiency of 
the lung In one case of influenza pneumonia followed by the writer, the 
bronchial breathing disappeared only after six months, and there aienow no 
signs of disturbance 

Abscess and Gangiene — ^Though complete resolution may follow influ- 
enza pneumonia, it is very common in fatal cases to note small losses of pul- 
monary^ substance This is probably not peculiar to infection with influenza 
bacilli but may' be found m a laige proportion of cases of bronchopneumonia 
due to other organisms and in which influenza bacilli cannot be demonstrated 
The necrotic foci are usually small and may be suspected during life only by 
signs of localized bronchitis By extension or the fusion of neighboring 
areas, larger losses of substance may occur Among Fraenkel’s SO cases 
of influenza pneumonia there were 6 of pulmonary gangrene The sputum 
is foul and contams elastic fibers Influenza bacilli are usually'' mixed with 
^arlOus other organisms but Hitzig has reported a case of pneumonia 
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followed by abscess formation m which he demonstrated pure cultures ofmflu- 
enza bacilli eighttimesdurmg a period of five weeks When thelung is exten- 
sively involved with an increasmg amount of sputum and continued fever the 
case assumes a serious aspect Every effort should be made to localize the 
process The r-rajs are a valuable adjunct to physical examination, and the 
mvolvement of the overlying pleura may indicate the site In more favorable 
cases the abscess is walled oft and the patient left with a cavity communica- 
ting with the neighboring bronchus, which may be dilated The affected 
lung may contain numerous cavities Pulmonary mduration usually accom- 
panies these changes 

Chrome Influenza — It is not surpnsing that the acute attack should occa- 
sionally initiate a chronic cough The losses of pulmonary tissue serve 
as permanent pockets for influenza bacilli The writer has seen 3 cases m 
which influenza bacilli [persist m the abundant purulent [sputum tv o and 
one-half years after the acute attack Leichtenstem followed 2 patients 
from the acute attack to their death two years later No tuberculosis was 
found at autopsy 

Chronic infection with influenza bacilli is a very frequent clinical finding 
Eighteen such cases were reported by the writer m 1902 It is often impos- 
sible to establish the onset m an acute infection, and the process seems to 
have begun insidiously Peihaps the most surpnsing feature is the contin- 
ued presence of the organisms m a condition of practical punty m the well- 
washed sputum, as was shown in 8 of these cases for a penod of two and 
one-half years 

The cases may show only local or diffuse bronchitis on physical examina- 
tion, yet some damage to the pulmonary tissue has probably ab\ ays occurred 
In other cases slight dulness or broncho-vesicular breathing may establish 
the site of the jiulmonary process In the more severe cases the symptoms 
are those of local or diffuse bronchiectasis The sputum may reach an enor- 
mous quantity, sometimes amounting to a pint or more in tv enty-four hours 
Blood streaks oi even frank luemoptysis may be present without tubercle 
bacilli 111 the sputum or a reaction to tuberculin Such hemorrhages come 
from abscess cai ities or congested veins in the v alls of dilated bronchi The 
cases closely simulate tuberculosis, but their course is moi e favorable They 
do not tend tov ard a fatal termination, but rather remain stationary or slovly 
advance, unless acute bronchopneumonia anses from the chronic infection, 
or death results from some mtercurrent disease In one case the cough had 
lasted for forti -four years, and death followed cerebral hemorrhage At 
autopsy, bronchiectasis, chronic interstitial pneumonid, and abscess formation 
ha^ e been found 

Pncinnoihorax and Empyema —If abscesses are present at the penpliery 
of the lung, their rupture may lead to m-\ asion of the pleural sac, resulting in 
fibnnous pleuntis, pneumothorax, or empyema The exudate may contain 
pure cultures of influenza baalh, but mixed infections are more common 
Emp^enla vas present m 6 of Mason’s 77 cases of influenza pneumonia 

I^bar Pneumoma and Influenza —Mtmy vnters think that lobar as 
veil as bronchopneumonia should be regarded as a manifestation of influ- 
enza It does not seem that any comnncing arguments as j et support this 
Mev Bronchopneumonia is far more common than lobar pneumoma in 
infliien/a, but in some cases the tvo forms ma^ co-exust as is shown by 
autopsj The pneumococcus is the usual cause of lobar pneumonia and has 
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never been shown to bear any definite relation to influenza In uncompli- 
cated cases, lobar pneumonia runs a clinical course and presents anatomical 
features quite ditterent from the bronchopneumonia of influenza The 
writer has repeatedly sought influenza bacilli in the exudate of lobar pneu- 
monia, and m typical cases has never demonstrated them in stamed sec- 
tions It IS not surpnsmg that croupous pneumonia should occur m a small 
number of cases of influenza, from the almost constant presence of pneu- 
mococci in the air passages The respiratory disturbances accompanying 
influenza may readily favor their multiplication and determine their invasion 
of the lung The chnical distinction between the twm forms may be impos- 
sible, and the croupous pneumonia complicating influenza may run a very 
atypical course The evidence seems to pomt to it rather as a complication 
than as a manifestation of the disease 

Relapse — Some patients who have once suffered from influenza seem to 
be especially liable to recurrences, which may be due to the persistence of 
the bacilli, undetected, in the upper parts of the respiratory tract, causing 
auto-reinfection We know that they may persist for years m some cases 
Relapse is more frequent in the colder months of the year, but may immedi- 
ately follow the original attack after some indiscretion, especially exposure to 
cold It is usually less severe than the first infection 
2 Nervous — It has been said that the chnical picture of influenza is 
incomplete without nervous phenomena This is probably true, in pre- 
viously uninfected individuals, if w'e include the minor nervous disturbances 
Headache and general pains are seldom absent in acute cases Prostration 
IS frequent and often far outlasts the symptoms of the disease Vertigo, 
insomnia, even delirium and coma, may occasionally be observed The 
nervous symptoms may so far predommate that local respiratory changes are 
overlooked In some cases, to judge from the literature, nervous disturb- 
ances may be the only manifestation In such cases, however, it is difficult 
to exclude diseases w'hich have no relation w'lth influenza 

Aside from the initial nervous symptoms, neuralgic pain is one of the most 
common disturbances It usually occurs after the decline of the fever and 
may last long into convalescence Hardly a nerve in the body has escaped a 
relation with influenza The supra-occipital, the intercostal, and the sciatic 
nerves, are most frequently affected Among the German army cases per- 
sistent nerve pain was noted in 254 (0 46 per cent ) Myalgia, joint pains, 
hyperiESthesia, and anaesthesia, may accompany the attack Neurasthenia 
may be initiated, but such cases have usually had previous symptoms 
Vanous other nervous disturbances may accompany or follow influenza 
Their relation wuth the disease is somewhat uncertain because of their 
rarity Thus peripheral neuritis may follow influenza as it follows other 
infectious diseases Cases may even assume the type of Landry’s paralysis 
The prognosis may be considered better than after diphtheria The localized 
forms may be of central origin Paralysis of various muscles of the eye, 
alone or combmed with the palatal or pharyngeal muscles, has been said to 
occur, but such cases may have been due to unsuspected diphtheria Affec- 
tions of the spinal cord are less common, but hemorrhagic myelitis and acute 
anterior poliomyelitis may be observed Epilepsy has immediately followed 
influenza Tnm such cases w^ere observ ed in the German army 

Psychoses may follow influenza as they do typhoid fever or ordinary 
pneumonia An mherited or psychopathic disposition can often be demon- 
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strated The prognosis is favorable in cases dependent on influenza and 
without predisposition to the disease Patients have been admitted to insane 
asylums and discharged -well after a few weeks, but more severe cases may 
not recover for months 

Encephalitis may arise apparently by extension from the middle ears, 
the nasal or frontal smuses, and the antrum of Highmore, from metastasis 
in pulmonary abscess, empyema, or purulent bronchitis, or it may be 
impossible to find a pnmary source The cerebral lesions are multiple or 
single, and hemorrhage may be a striking feature on exammation of the 
involved area Monoplegia, hemiplegia, coma, convulsions, or delirium, 
may result Leichtenstem was the first to descnbes such cases, and Pfuhl 
claims to have found influenza bacilli in cerebral tissue, but his bactenolog- 
ical V ork is defective and his results can not be accepted wnthout question 

Meningitis — ^Though this must be regarded as a very rare manifestation 
of influenza, occurring in only 4 of the German army cases, it is of special 
interest because of the finding of influenza bacilli m the exudate by seveial 
observers Toxaemia has been said at times to simulate meningitis, but it 
must always be a question without lumbar puncture whether a true infection 
has not been present and followed a very favorable course 

There are 7 cases of meningitis recorded in the literature in w’hieh 
pure eultuies of influenza bacilli have been found and in which the identifi- 
cation of the organism was complete (cases of Nauwerck, Fraenkel, 
Slawyk, Mcunier, Langer, Ghon) There are 4 more cases (cases of 
Hoegerstedt, Haedke, Peucker, Hecht) in which the reports are trustworthy, 
but in which influenza bacilli were mixed with other organisms in the menin- 
geal exudate Thus in all there are at least 11 cases in which influenza 
bacilli have been found The organisms have been obtained by lumbar 
puncture, during life, by four observers (cases of Slavyk, Meunier, 
Trailescun, Hecht) It is not possible to obtain data from all the reports 
concerning the origin of the process, but the meningitis seemed to anse by 
extension from otitis media in one (Haedke), from empycema of the antrum 
of Highmore in a second (Ghon), and by metastasis from influenza pneu- 
monia in three (Ghon, Peuckei, Hecht) In one case (Slavyk) the menin- 
gitis seemed to be part of a general infection with influenza bacilli 

The cases closely resemble meningitis due to the pneumococcus or menin- 
gococcus Tlieir influenzal origin may be suspected dunng an epidemic or 
when some primary focus of influenza can be demonstrated Even then, 
without lumbar puncture, their bactenal cause remains uncertain From 
their more sudden onset and more lapid course the clinical distinction 
between influenza and tuberculous meningitis can often be made 

The pathological picture of influenzA meningitis is not characteristic 
Fraenkel uas unable to distinguish pneumococcus, meningococcus, or 
influenza bacillus meningitis, either micro- or macroscopically 

The prognosis is not alu a^ s unfa\orable Hanger’s case v as a child aged 
nine >ears who had been sick for eight da'js uitli headache, vomiting, and 
stiff neck The temperature dropped and there ^^as almost immediate 
subsidence of si mptoms after lumbar puncture The patient i\ as disdiai ged 
veil on the twentieth dai 

3 Gastro-intestmal This form of influenza as an entity is of uncertain 
cxisteiirc TIic s\ mptoms referred to this tract may be toxic phenomena 
from the respiratoii or nenous form of the disease On the other hand, m 
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the German Collective Investigation 39 cards deal with this point and only 
1 denies the possibility of separating the different forms, while 38 affirm 
the distinction It is to be hoped that in recurring epidemics the specific 
cause of the disease will be demonstrated in the lesions or that cases with 
exclusive gastro-mtestmal symptoms, will be shown to be more frequent 
than before or after the epidemic period Until this can be done we must 
rely on the impression of medical men for the establishment of the group 
The wTiter has never seen a case with absence of respiratory symptoms m 
which the diagnosis w'as sure 

In cases with predominance of gastio-intestinal symptoms, the tongue 
may be coated, vomiting marked, and the abdomen tender on pressuie 
Constipation is more common than diarrhoea, which, however, may be 
seveie in some cases Intestinal bleeding has been described Hypersemia, 
ulceration of the stomach and intestines, appendicitis, and peiitonitis, have 
been associated wuth influenza Though it is probable that influenza bacilli 
may set up catarrhal processes in the tract, secondary to the respiratory 
invasion, as yet there are no trustworthy observations on their presence here 
Heyrooslci obtained a pure culture of influenza bacilli from the pus of a 
case of cholecystitis and cholelithiasis The identification of the. organism 
w'as complete Fisch and Hill cultivated influenza bacilli from the peritoneal 
pus of a lulminating case of peritonitis Similar organisms were also found 
m the bronchial secretion and the spleen No intestinal lesions were found 
The cultures are not carefully described 

4 Typhoid Form of Influenza — Cases with fever, headache, dehnum, 
meteorism, and diarrhoea, may at first suggest typhoid fever Rose spots 
have even been described in influenza A palpable spleen has been noted in 
as high as 12 per cent of cases of influenza by Schultz, while it occurred in 
only 4 7 per cent of Krehl ’s cases It may be that continued fever with only 
transient local manifestations may follow infection w'lth influenza bacilli, 
but the more acute onset and shortei course may serve to differentiate the 
twm diseases The writer has frequently found influenza bacilli m the spu- 
tum of patients w'lth continued fever who gave positive Widal reactions, 
shoiving that the tw'o infections may co-exist, and it is not certain that the 
so-called typhoid form of influenza is not unrecognized typhoid fever 

5 Metamorphosing Form of Influenza — ^Leichtenstern mentions an oc- 
casional sudden change m the clinical picture ^At the beginning, gastio- 
intestinal sjmiptoms may be exclusively present, follow^ed a few days later 
by a sudden transition to the respiratory type, with diffuse bronchitis and 
coincident recession of the gastro-mtestmal disturbances 

Jaundice probably bears only a chance relation 'vvitli influenza, being 
noted m only 2 of 439 cases by Leichtensteni 

Parotitis has been occasionally observed as m other mfectious diseases 
It occurred m 12 of the German army cases 

6 Circulatory System — ^Functional cardiac disturbances are not uncom- 
mon m influenza, but are not distinctive and are such as may occur m any 
acute mfectious disease The pulse rate is usually elevated in proportion 
to the fever, but m some cases tachycardia may be noted Bradycardia, 
palpitation, irregulanty, and dicrotic pulse, may be occasionally seen 

Enaocarchhs Influenza is so seldom follow'ed by permanent cardiac 
disturbances that it is not usually held responsible for valvulai disease It 
seems probable, howevei, that it is not as blameless as is commonly be- 



INFLUENZA 


481 


lieved More recent observations on the bacteriology of the disease show 
that influenza bacilli not infrequently invade the blood stream, especially in 
severe attacks Their lodgment on the cardiac ^alves has been established 
by Jehle, who cultivated them from acute aortic endocarditis in 2 cases , in 
1 they were in pure culture, m the second mixed ivith staphylococci Peri- 
carditis may arise by extension ii hen the lung or pleura have become involved 
Influenza bacilli, mixed with otherorganisms, have been found in the exudate 

Disturbance m the peripheral vessels — ^phlebitis, venous and arterial 
thrombosis — may occur, as might be expected from the infectious nature of 
the disease 

SepiiccBima — Numerous observers have described organisms resembling 
influenza bacilli m the blood of patients vith influenza The identification 
of these bacteria, liov ever, has usually been solely on their morphology and 
without the confirmation of cultures Blood cultures and the search for 
influenza bacilli should be more systematically made m acute febiile in- 
fections of obscure origin Tlius fai the only triistv orthy data concern their 
presence in tlie blood as terminal infections MeunieP cultivated them from 
the blood before dccath m 4 of 8 cases of bronchopneumonia in children 
They ha^e been found m the heart’s blood after death by Rosenthal, 
Docring, and Jchle Jehle’s vork is of especial inteiest His observations 
V ere all at the postmortem table Of 20 cases with pulmonary influenza the 
bacilli -were found in the blood in only 3 In the acute exanthemata, on 
the contrary, an invasion of the blood by influenza bacilli vas almost the 
rule Cultures v ere made from 29 cases of scarlet fever, m Inch they ere 
found in 22 In 16 of these positive cases, pulmonary influenza vas also 
present In the lemaimng 7 cases the bacilli could not be found in the 
respiratory tract proper, but m 3 they were present in the tonsils, vhich he 
regards as the probable portal of entry Of 18 cases of measles, influenza 
bacilli were found in the blood in 13, of 9 cases of \aricella, in 5, of 24 
cases of V hooping-cough, in 2, of 9 cases of diphtheria, m 1 Slavyk has 
reported an apparent general infection vith influenza bacilli, vhich he 
found m the cerebrospinal fluid, in the blood from the finger, and in a super- 
ficial abscess on the back of the hand Similar bacilli vere found after 
death in fluid from the ^ent^cles of the biain and in sections of the lung 

The Blood m hiflvcnza — ^In 7 cases of influenza, vitli s'^miptoms leferable 
to the lespiratorv tract, Ricder found from 2,800 to 6,700 leukocjies per 
cubic millimeter In 5 cases of influenza pneumonia they numbered 8,200 
to 13,800 In 5 cases of doubtful influen/a pneumonia, the vhite count 
laricd from 4,600 to 20,100 In 10 cases of lobar pneumonia, on the other 
hand, he found a constant leukocjiosis 

Re haie made leukomte counts on 233 cases of influenza at the Massa- 
chusetts General Hospital Of these 167" represent the simple and typical 
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form of the disease, with an acute onset, usually with fevei of short duration, 
and in most cases slight respiratory disturbance The leukocytes do not 
exceed 12,000 in about 70 per cent The leukocytosis in the remaining 
cases cannot be accounted for by the presence of complications, nor is theie 
any relation betw^een the white count and the severity of the infection With 
the mvolvement of the deeper part of the respiratory tract the proportion of 
cases W'lth leukocytosis increases as only about one-half of 54 cases* w'lth 
bronchitis, and only one-third of 12 cases* with pneumonia show 12,000 
leukocytes or under 

7 Gemto-unnary — Beyond the slight disturbance m the kidney com- 
monly found m any acute infectious disease, there is nothing particularly 
noteworthy in influenza, which seems to spare this oigan in the vast major- 
ity of cases In veiy rare instances a nephritis has been poted, as m 10 of 
the German army cases The finding of influenza bacilli m the kidney at 
autopsy has been reported by Paltauf and Kretz, and J H Wright demon- 
strated them m a case of pyonephritis Cystitis and orchitis have been 
descnbed Abortion follownng an attack of influenza has been frequently 
noted, especially by the older writeis 

8 Skin — Heipes of the lips and nose may be seen m a small proportion 
of cases It was noted m 5 per cent of Leichtenstem ’s 105 cases of pneu- 
monia and in 3 per cent of 334 uncomplicated cases Erythema, scarlatinal, 
measly, and other exanthems, have been ascribed to influenza, but they are 
not distinctive and occur so infrequently as to suggest drug rash or a con- 
fusion with other diseases 

9 Joints — No special relation has been established betw'een arthritis and 
influenza Though as yet there are no publications on influenza bacilli in 
the joints, a systematic search would probably disclose their occasional 
presence “Acute articular rheumatism” w'as observed m 44 of the German 
army cases 

10 Special Senses — Eai — ^The relation betw’^een influenza and inflam- 
mation of the middle ear is undoubted Though otitis media was noted in 
only a small proportion of the series of cases reported fiom the last pan- 
demic, slight catarrhal inflammation is common and it was geneially 
observed by ear specialists dunng the outbreak that the number of cases 
seeking admission far exceeded those before and after the epidemic Gru- 
ber,* for example, saw 324 cases of otitis media (138 catarrhal — 186 puru- 
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lent) during the month of Januaiy, 1890, while his monthly average for 
January at other times was 58 cases 

Extension of the catarrhal process through the Eustachian tube may 
arise during the acute stage or m coni'alescence The clmical character of 
the cases lacks distmctive features Involvement of the mastoid and mvasion 
of the meninges may occur Otitis media should always be suspected in 
children with severe obscure symptoms Perforation of the membrana 
tympani may be the first objective sign Influenza bacilli have been fre- 
quently demonstrated in the middle ear, but usually mixed with other 
bacteria 

Eye — Conjunctivitis may be noted 'in a vanable proportion of cases 
It was observed in as high as 40 per cent of Stinzing’s 405 patients ^ The 
process is usually benign, and no marked increase of the number of those 
seeking admission to the eye clinic was noted during the epidemic In the 
more severe cases the conjunctivitis is accompanied by photophobia and 
oedema of the lids The bulbar conjunctiva may be involved and coineal 
ulceration may result Intis and iridocyclitis have been described Influ- 
enza bacilli have been found in the conjunctival secretion In the fall of 
1904 the writer cultivated them from a patient with conjunctivitis sent to the 
Massachusetts General Hospital by F M Spalding Rymowitch believes 
that the influenza and Koch-Weeks bacillus aie identical, the two organ- 
isms presenting the same morphological, cultural, and pathogenic char- 
acters 

Influenza and Other Diseases —Though It has'often been thought that 
during epidemics of influenza other diseases do not prevail to the same 
extent, the reports are conflicting, and it may be that during the outbreak 
of influenza other diseases are at times wrongly included under its manifes- 
tations The unfavorable influence of influenza on existing disease, however, 
is undoubted Superimposed on phthisis, emphysema, cardiac disease, 
neplintis, or diabetes, it may lead to a fatal termination Jehle found that 
during a small local outbreak both the morbidity and mortality of scarlet 
fever was increased 

Phthisis — ^The effect of influenza on phthisis is difficult to estimate in 
isolated cases, but is shown by hospital and mortality statistics Sixty-seven 
cases were discharged because of phthisis, from sernce m the gariison in 
Munich during the year preceding the 30th of September, 1889, but withm 
the next six months, during the epidemic of influenza, 132 cases were dis- 
covered The diagnosis was based on the finding of tubercle bacilli m the 
sputum The ntal statistics for Pans show that 349 persons were reported 
as having died from phthisis between December 22, 1888, and January 4, 
1889, while 886 deaths are recorded from the same cause during an equal 
period in 1889-90 Follov ing the epidemic it was observed that the number 
of deaths from tuberculosis fell below normal, suggesting that mfluenza had 
merely hastened the fatal termination In some cases mfluenza pneumonia 
may complicate phthisis without apparently exerting an unfavorable m- 
fluence 

Ohmcal ^Dunng epidemics and pandemics this presents 
little dimeulty m cases beginning suddenly n ith chills, fever of short duration, 
headache, general pain, loss of appetite, and prostration out of proportion 

Stmzmg, Munch med Woch , No 93, 1890. 
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to the other sjTnptoms The patient may complain of no local lesion, but 
catarrhal distuibances aie almost the rule They may be transient and 
easily o\erlooked m the predominance of nervous and gastro-intestinal 
symptoms The protean character of the disease makes it difficult to 
sepal ate its rarer manifestations from diseases of a different etiology oc- 
curnng diiiing epidemics 

Bactenological — Influenza bacilli can be recognized after some practice 
from then morphology and staining reaction alone in most cases To be 
certain of their identity, however, they must be cultivated As yet no proof 
has been offered that Pfeiffer’s “Pseudo-influenza bacillus,” the whooping- 
cough bacillus, Jun dell’s Bacillus catarihahs, Muller’s trachoma bacillus, 
and the Koch-Weeks bacillus, aie not identical with the true mfluenza 
bacillus 

Other Catarrhal Respiratory Infections — ^In the mterepidemic period 
it does not seem that the respiratory infection with mfluenza bacilli can be 
distinguished fiom infections with other organisms, such, for example, as 
the hBcrococcus catarrhahs, without a bactenological examination of the 
sputum In the clinical picture, symptoms of onset, the coprse and dura- 
tion of the different infections, there seems to be nothing distinctive The 
amount of prostration may be as great m one as m the other The patho- 
logical picture m cases of bronchopneumonia, due to the diffeient organisms, 
likewise seems to be similar in the character of the exudate, its varying extent 
and intensity, and the tendency m a small proportion of cases to end in per- 
manent damage to the pulmonary tissue 

Tuberculosis — Infection of the lungs with influenza bacilli may closely 
simulate pulmonary tuberculosis The persistence of rales at some place 
m the lung may be due to small losses of substance during an undetected 
influenza bronchopneumonia Signs of cavity or long-continued pulmonary 
solidification may lesult from infection ivitli other organisms than the 
tubercle bacillus It is by no means rare to see patients in whom the 
suspicion IS strong that the disease is pulmonary tuberculosis, fiom the long- 
continued cough, occasional attaclcs of luemoptysis, and suspicious physical 
signs, but repeated examination of the sputum fails to reveal tubercle 
bacilli and no reaction is obtained after the injection of tuberculin The 
v riter has reported 8 cases^ from the Massachusetts General Hospital in 
V Inch the confusion might readily have occurred or m which the clinical 
diagnosis of pulmonaiy tuberculosis had been made, but without tubercu- 
losis at autopsy If a history of preceding catanhal symptoms or an onset 
vith an acute febrile attack can be obtained, mfluenza should be suspected 
HiemoptA SIS occurring without catarrhal symptoms is likely to be due to 
tubeiculosis, but in the presence of senous damage to the pulmonary tissue 
it maj come from abscess caxities of a non-tuberculous origin 

The early detection of pulmonary tuberculosis is so important that it is 
usually safer to give the patient the benefit of the doubt and treat him foi 
tuberculosis; but in new of the impossibility of making the diagnosis with- 
out finding tubercle bacilli in the sputum, their presence should be regarded 
as the only infallible indication of this condition As only about one-half of 
tlie cases reported as ciiied in the statistics of institutions for the cure of 
tuberculosis are thus proved, it is probable that non-tuberculous cases aie 
mcluded and the percentage of reported cui es thus materially raised In their 

^ Lord, loc cit 
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clinical course these cases are more favorable than tuberculosis, tending 
rathei to remain stationary or slowly advance, unless fatal from some 
mtercurrent disease 

Dengue — Influenza has been frequently confused with dengue, which, 
however, is confined to tropical or subtropical regions and occurs more often 
dunng the waim months of the year Its spread from place to place is slow 
compared with influenza It pievails as an epidemic in a gnen locality 
for from two to five months, while influenza is usually over within six to 
eight V eeks Unlike influenza, it commonly leaves no impression on mortal- 
ity statistics in an increase of deaths from disease of the respiratory tract 
Catarrhal s^miptoms are lacking, diseases of the lungs or nervous system 
are almost nevei present Herpes is not seen m dengue Arthritic symp- 
toms, especially of the knee joints, total anorexia, and a thickly coated 
tongue, are common A transient, measly, scarlatinal, or erysipelas-hke 
eruption, with desquamation and often peisistent pruritus, is pathognomonic 
Unlike influenza, ambulant cases are rare, and the convalescence is usually 
piotracted 

Typhoid Fever — ^The milder cases of this may offer some difficulty 
The onset m typhoid fever is usually less abrupt, but catarrhal symptoms 
are frequent In some cases the diagnosis cannot be made during the first 
few days Continued fever, rose spots, and enlargement of the spleen, will 
usually serve to distinguish the tiue condition Blood cultures, the finding 
of typhoid bacilli m the rose spots or stools, and the Widal reaction, may 
settle the diagnosis 

Prognosis — F ew die compared with the number who are attacked Many 
statistics are unti ustworthy because some of the more serious manifestations 
aie not included Infiuenza becomes more dangerous with advancing years 
or in patients with phthisis, cardiac disease, emphysema, diabetes, etc Of 
the 55,263 German army cases, only 59 died from infiuenza — 42 with 
pulmonary symptoms Of 22,972 cases in Munich, death was ascribed to 
influenza m 133, of whom 69 died of pulmonary disturbance The influence 
of age is apparent in these cases, 88 being between fifty-one and ninety 
Influenza pneumonia is more serious than lobar pneumonia Various 
estimates place the mortality at from 17 to 50 per cent It is to be feared 
not only from its high mortality, but also because of its distressing sequelie, 
arising from occasional peimanent damage to the pulmonary substance 
Continued cough, recurnng lespiratory infection, chronic bronchitis, emphy- 
sema, pulmonary induration, and bronchiectasis, add to the seriousness of 
this manifestation of the disease Meningitis is not always fatal, as is shown 
by the recovery of Langer’s case after lumbar puncture 

Prophylaxis ^The contagious nature of influenza seems to have been 
conclusively proved The secretion from the respiratory tract must be 
regarded as the piincipal source of contagion It is improbable that the 
influenza bacillus multiplies under any ordinary conditions outside the 
human body To judge from laboratory experiments its infective pov er is 
probably soon lost in dned sputum The enormous numbers in which it 
exists in the secietions perhaps overbalances the rapid death of the organism 
Contact infection and the drinng of sputum should be guarded against 

The most important preventive measures concern the elimination of 
recurring epidemics If the influenza bacillus is the cause it maintains its 
e^stence by numberless mterepidemic infections and by its persistence for 
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years m the respiratory tract of mdmduals with chrome cough In un- 
selected cases the writer has found the organism present in from 25 to 59 
per cent of all cases with cough and expectoration m an interepidemic 
penod If we are to prevent the recurrence of widespread outbreaks of the 
disease, it is to these cases of acute and chronic respiratory infection occurnng 
outside of epidemics that our preventive measures must be directed The 
same control should be exercised over all cases of respiratory infection as is 
now being attempted for tuberculosis in most of the large cities Influenza 
should be considered as constant a danger as tuberculosis, though its mani- 
festations are less serious All patients with cough and expectoration com- 
ing to polyclinics or seen m private practice should be warned against the 
danger of transferring infectious material from person to person, with the 
same care that is recommended for tuberculosis 

During epidemics persons at the extremes of age should be protected with 
especial care When possible isolation should be practiced Infected boats 
should not land passengers at uninfected ports Mass meetings should be 
discouraged Infected children should be kept from school 

Tuberculous patients should be guarded at all times from mfluenza 
infection On the other hand the admission of unproved cases to insti- 
tutions for the cure of tuberculosis subjects them to an unnecessary danger 
If they are admitted on suspicion of tuberculosis they should be placed in 
separate wards until they can be proved to be tuberculous by the finding of 
tubercle bacilli in the sputum The damaged condition of their bronchi 
and lungs renders them more susceptible to the tubercle bacillus, which has 
been shown by Comet and others to abound m the dust of closed places 
where tuberculous patients are confined Hospital cleanliness does much 
to minimize this danger, but it does not entirely eliminate it, and the 
occasional infection of the attendants in even the most carefully kept insti- 
tutions confirms this 

Every infected individual should understand that his sputum is a danger 
to others, and if allowed to drv may be capable of spreading the disease 
It should be expectorated carefully, into a special receptacle, to avoid soiling 
the beard or moustache In coughing or sneezing, expelled particles of 
sputum should be caught in a piece of cloth placed in front of the mouth 
These are to be burned The fingers should not be moistened m the mouth 
in turning the leaves of boolrs, public documents, etc Soiled bed- and 
body-linen should be boiled for one-half hour before it is sent to the laun- 
dry Patients’ thermometers and table utensils should be kept separate, 
the latter boiled after use Dusting the rooms of mfluenza patients should 
be done with a damp cloth, sweepmg, with a dampened broom An 
infected individual should sleep alone Sunlight and fresh air limit the 
danger 

The safest method of disposal of sputum is cremation The most efficient 
of the ordinary disinfectant solutions is probably carbolic acid (5 per cent ), 
which may be left m contact with the sputum for twenty-four hours 

Patients vlio continually harbor the inffuenza bacillus in some part of the 
respiratory tract should be especially careful to avoid exposure to wet and 
cold Catarrhal sjTnptoms so frequently follow such indiscretion that some- 
tliing more than a chance relation must exist between exposure and acute 
respiratory infection or reinfection The experunents of Eossbach and 
Muller on animals have shown that the chilling of the body is followed by a 
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transitory increase of bronchial secretion, -which may serve as a favorable 
medium for the multiplication of organisms in an already infected tract 
Some protection may be afforded by thin -svoolen underwear and efforts at 
mcreasmg individual resistance, — sleeping with the window open, spending 
much time in the open air, and cool morning baths followed by fnction A 
good leaction should be secured after the bath The hardening process 
should not be begun during cold weather 

Treatment — ^There is no specific for influenza In the great majority of 
cases the disease runs its course independent of treatment The diet should 
be regulated and should be light and easily digestible m cases with gastro- 
intestinal symptoms With involvement of the respiratory and nervous 
systems there are no special restrictions, and the patient may take as much 
food as can be easily digested 

Even the mild cases should be regarded as serious, and the patient con- 
fined to the house and the bed, remainmg there until the acute symptoms and 
fever have subsided At the onset the patient may take a hot bath and be 
put to bed between Avarmed blankets with hot Avater bottles at the feet A 
drink of hot lemonade may serve to start perspiration, which is often followed 
by surpnsmg relief of the headache and genei al pains An increase of i espir- 
atory symptoms may folloAv the chilling of the body, and cold should be 
limited to local applications for pain 

If the headacjie and general pains are distressmg an ice-cap and Dover’s 
powder gr 10 (0 65 gm ) may be ordered If the boAvels have not moved, a 
mild saline cathartic, as sodium phosphate, 30 gr (2 gm ) m half a tumbler of 
lukewarm Avatei may be given The coal-tar products must be used with 
caution, but if the headache, general pains, hypersesthesia, or insomnia, are 
marked, antipyrine or phenacetine, gr 10 (0 65 gm ), with caffeme gr 3 
(0 20 gm ), may give evident relief They are of serA'ice also m the severe 
neuralgic pains folloAving influenza Their use must not be long continued 
When facial neuralgia persists, disease of the nasal sinuses should be sus- 
pected The bromides, nitroglycerine, salicylic acid, sahpyrin, etc , may be 
given a trial Locally, chloral and camphor, chloroform liniment, menthol, 
etc , may be of service In lumbago, sacro-iliac disease should be suspected 
In sciatica a rectal examination should not be omitted The thermocautery, 
or electricity, may be tried 

If the patient is harassed by irritative attacks of cough, heroin gr (0 005 
gm ) or morphia should be used If the secretion is raised Avitli difficulty 
ammonium chloride gr 10 (0 65 gm ) often seems to be of great serAuce If 
the cough persists tubercle bacilli should be repeatedly looked for in the 
sputum Unless they can be found such patients should not be sent to sani- 
tana for the cure of tuberculosis, a change of surroundings and life in the 
open air may accomplish more than any other method of treatment The 
testimony of patients Aiith chronic bronchitis, bronchiectasis, and emphy- 
sema, is practically unanimous that they are better during the warm months 
of the year They undoubtedly do better leading an out-door life in a warm 
equable climate and in an atmosphere free from dust 
A tight thoracic binder aa ill often relieve the pleuritic pam accompanying 
influenza pneumonia The ice-bag is usually more efficient If relief does 
not soon folloAA , or if the cough or dyspnoea are distressing, morphia should 
be used With anomalous signs of pulmonary solidification exploratory 
puncture should not be delayed The finding of elastic fibers in the sputum 
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maj' distinguish between abscess or gangrene and bronchiectasis If the 
necrotic focus can be localized an operation should be performed In one 
patient seen iiith C L Scudder complete lecovery followed evacuation of a 
foul pulmonary abscess 

The physician should alvays have otitis media m mind in childien with 
severe obscure symptoms With predominance of nervous phenomena, 
meningitis should be suspected, if present, lumbar puncture will perhaps 
afford relief of symptoms — at least temporarily 

The con valescen ce should be carefully man aged A relapse may follow the 
too early resumption of customary duties It may be weeks or months before 
complete health returns Fresh air, nutritious food, and tonics may hasten 
recovery 
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DENGUE 

By THOMAS D COLEMAN, A M , M D 

Synonyms — Dandy fever, break-bone fever, stiff-necked or giraffe fever, 
scarlatina rlieumatica, bouquet fever (corrupted into bucket fever), polka 
fever, knockel koorts, etc 

Defimtion — Dengue fever is an acute infectious disease ■with two febrile 
paroxysms, sharp in onset, short in duration, characterized by intense head- 
ache, muscular and joint pams, irregular eruption, and termmatmg usually 
in recovery 

Historical — The existence of dengue doubtless antedates any record 
that we have, but it was first observed in Spam durmg 1764—68 The first 
accurate descriptions were given by Brylon, of Java m 1779, and Rush of 
Philadelphia, m 1780 Accurate histones of epidemics of this disease have 
frequently been recorded From its wide distribution it is not surprismg 
to find it variously designated The appellation dengue comes to us from the 
Spanish, by the Hindus it is called danga These have been corrupted mto 
dandy fever Some have accounted for this term by the erect and stiff-necked 
appearance of certain ambulant cases From the comparatively few 
patients who are able to avoid taking immediately to bed, dandy fever 
seems to the author more like an attempt at, and hence corruption of, dengue 
fever. 

The other appellations of the disease are m attempt descriptive e g , 
break-bone fever, from the intense muscular and joint pams, “giraffe,” 
“stiff-necked,” “polka,” and “bouquet fever,” from the attitude of body 
and the eruption, “scarlatma rheumatica,” because of its eruption and 
joint manifestations, etc 

In 1780 an epidemic which assumed pandemic proportions occurred m 
India, Spam, and the United States Rush first called attention to dengue 
m America in describmg the epidemic in Philadelphia m 1780 It appeared 
m India m 1824 In 1827-28 it prevailed as an epidemic on the islands of 
St Thomas and Santa Cruz to such an e-rtent that but few of the entire 
population escaped In 1828 an epidemic occurred in Charleston, m 
1848-50 an extensive epidemic occurred not only here but throughout South 
Carolina, Georgia, Alabama, Louisiana, and Texas In this epidemic, 
Wregg states that eight-tenths of the inhabitants of Charleston, and m 
Augusta, Ga , 8,000 out of 11,000 were affected 

From 1870-73 it spread over the whole of India In 1871 it appeared in 
Arabia, extending south by lines of travel to Zanzibar and other to-^ms on 
the East African coast, thence to Java and spreadmg over India In 1873 
it reached the Gulf States of the United States This epidemic was general, 
and few escaped infection In the city of New Orleans 40,000 persons con- 
tracted the disease In 1880 an extensive outbreak appeared at Cairo, 
Egjqit, attackmg one-half the population, and rapidly spread throughout 

4S9 
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Southern Europe In the United States it occurred in North and South 
Carolma, Georgia, Floiida, Mississippi, Louisiana, Texas, and Missouri 

In 1883 an epidemic occurred at Latakia, on the northern coast of Syria, 
but It did not spread at an elevation of 2,000 feet In 1885 a seveie epidemic 
broke out m Texas, appeaimg m Galveston, Houston, San Antonio, Austin, 
Dallas, and other smaller places In 1895-96 it appeared at Bombay, and 
m 1895, 50,000 out of a population of 65,000 m Charleston, S C , were 
attacked In 1897-98 it appeared throughout Georgia, Florida, and Texas 
In 1901 it Avas m Penang, and in Beirut, Syria, m Avliich latter section few 
escaped infection An epidemic of dengue also prevailed m the Isthmian 
Canal zone m 1904 Numerous minor outbreaks have occurred over widely 
distributed areas According to Manson, it reaches pandemic proportions 
about eveiy twenty years 

Etiology — Predisposing Causes — 1 Chmate — ^Among these the first 
and most important is chmate Residence in a tropical or subtropical 
country, and particularly on the coasts, water-Avays and Imes of travel, 
imdoubtedly inci oases the liability to infection The ordmary limit of dif- 
fusion is geneially placed at from 32° 47' N to 23° 23' S While this is the 
rule, it has occurred outside of this zone, e g , in Philadelphia, New York, 
Boston, and other places Outbrealcs in these sections, occurrmg m the 
heated season, simply confirm the observation that warmth not only favors 
but IS essential to its development 

2 Seasoji — It is strictly a disease of waim Aveather and disappears Avith 
the advent of Avinter, but in tropical climates it may occur during any 
month of the year When it occurs outside of the regions mentioned it 
appears only during the heated season 

3 M etcoi ological — Epidemics liaA'e occurred in both diy and moist con- 
ditions of the atmospheie, but, Avhile a humid atmosphere is not essential, 
epidemics having occurred in both dry and Avet seasons, it undoubtedly 
favors the spread of the disease Altitude exercises an inhibiting influence 

4 Race, sex, age, and social condihon do not exercise any influence 
Filth, croAvding, and unhygienic surioundings appeal to favor its develop- 
ment 

5 Indimdual Peculianhes — ^The physically deficient AA'ould, as in other 
infections, be the readiest victims, but, given a sufficient degree of Auiulence 
of infection, no individual is exempt 

Exciting Causes — ^Until recently dengue was believed to be spread by 
the ail, by contact aa ith the diseased, and by fomities While our present 
knoAA ledge does not eliminate these, it is probable that Graham, of Beirut, 
S>nia, has discovered the chief, if not the only, mode of infection The 
histoiy of the disease, its clmical features, and analogy, would lead us 
to believe it to be produced by a specific microoiganism, and in 1885 
McLaughlin, of Austin, Texas, found inAaiiably a peculiar staphylococcus 
in the blood of patients, Avliich he regaidcd as the causal organism 
Graham has published a senes of observations, AAdiich, if confirmed, will 
fix our knoAA ledge of the etiology He describes a haimatozoan in the blood 
of dengue patients, AAdiich differs from that of malaria in its hfe-history, in 
that it never forms pigment He thinks it resembles more closely the 
Piwsoma higennuni {Boophihts boms') than any other organism He 
has ncAer seen it in pairs nor recen^ed any suggestion that it multiplies by 
binary dmsion It possesses the poaa er of amoeboid movement, and is to be 
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found both m the body of the red blood corpuscle, from which it often 
pro]ects motile pseudopodia, and also m the leukocytes, and floatmg free in 
the plasma Furthermore it multiplies by sporulation He found this 
same oiganism m the blood and stomachs of the Culev fatigans up to the 
fifth day after they had fed upon the blood of a patient with dengue, and he 
supports his belief that the disease is transmitted by the mosquito by the 
followmg experiments He placed patients suffering with dengue in apart- 
ments which had been freed from mosquitoes and screened, and allowed 
healthy mdividiials to remain m close contact with those sick of the disease, 
and none so subjected developed dengue He then took mosquitoes which 
v ere known to have bitten patients suffering with dengue, and carried them 
to a small village at a high altitude where dengue was unknown Two 
healthy mountaineers allowed themselves to be bitten by the infected mos- 
quitoes Both developed dengue The mosquitoes were all killed, and 
the subjects of the disease kept under mosquito bars until the symptoms of 
the disease had disappeared, with the result that no other cases developed 
Graham also moculated a human subject with a solution made from the 
glands of the infected mosquitoes, the patient had a chill on the third day 
and went through a typical attack of dengue 

Manson calls the motile parasite a plasmoeba, and says it appeared to 
bore through the border of the corpuscle The parasite was sometimes 
irregular, without pigment granules, gradually spreading and growing, 
often throwing out pseudopodia until it completely filled the corpuscle, the 
pseudopodia reaching beyond the border of the corpuscles and givmg them 
a crenated appearance It was actively motile In a few hours spores 
would form m the body, the podia of the growth numbermg six to ten 
These would mature m a few hours, segment, burst out of the cell wall, and 
float freely in the plasma The organism is much more active and smaller 
than the plasmodium malariae 

Eberle, also, m 1904, found plasmsebic organisms in the blood of the 
Culex fatigans, and believes that this mosquito is the carrier of the disease 
These researches would seem to make the cham of evidence complete, but 
Sutton, m 1905, states that m spite of the fact that repeated researches were 
made for microorganisms such as described by McLaughlm, “at no time 
Avas their presence demonstrated ” He further adds that the non-pigmented 
piroplasma bodies like those seen by Graham, iveie frequently found m 
many of the unstained specimens Inasmuch as they were also present m 
blood smears from a large number of cases of epidemic catarrh on board the 
U S S Illmois at Neivport News, some two years ago, it is probable that they 
are not foreign bodies, but simply the result of changes wuthin the red cell 
A stamed specimen from the same subject mvariably failed to show" anything 

Pathological Anatomy — In the epidemic at Galveston, Texas, m 1885 
Fame observed a “localization of inflammation upon the serous membranes,” 
especially the pleura and pentoneum Hirsch mentions serous infiltra- 
tions in the vicinity of the joints, and reddening of the crucial ligaments of 
the knee joints In addition, hiematozoa have been described as occurring 
in the blood of dengue patients by such observers as McLaughlin, Graham, 
Manson, Eberle, Carpenter, and others 

Symptoms — Dengue is a disease of three stages, mz , (1) invasion 
lasting from two to file days, (2) remission, lasting from twelve hours to 
three dajs, and (3) a return of the sjmiptoms of invasion, lastmg from 
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twenty-four to thirty-six hours, m which none of the symptoms are as 
severe as during the first paroxysm It has an incubation period of from 
two to five days, during which time no symptoms may appear, or tlie 
patient may experience a sensation of lassitude and anorexia The onset 
IS sudden Some are attacked wdiile at work, some awakened from sleep 
by the pains, and some while going up stairs, kneeling at prayers, etc 
The onset varies with the severity of the attack, in some amounting to trivial 
discomfort and a few nervous symptoms, m others the invasion is sharp 
with severe physical and nenmus manifestations Prostration is intense, 
and is a prominent symptom In children the disease may be ushered in 
by convulsions, followed by more or less delirium Even in adults delirium 
occurs In a typical case in adults there are few if any premonitions, the 
disease being ushered in by a feeling of chilliness, less frequently by a distinct 
chill At the same time the patient experiences severe pains m the muscles 
and joints, these are sufficient to cause him to assume a more or less rigid 
attitude The pams m the head, muscles, and joints, are severe, and m some 
instances excruciatmg, making one feel as if the very bones were broken It is 
doubtless true, as noted by West, that the most lurid accounts of the suffermg 
come from physicians who had the disease The pams seem to affect every 
portion of the body, but are focalized m the head, back, legs and joints 
they prevent rest, without an anodyne The knee is the jomt most fre- 
quently affected, but m some practically all are involved The peculiar 
features of these joint manifestations are that while the pain may be intense, 
there is commonly an absence of swelling, and pam is not produced by 
pressure on the involved joint Passive motion of the joint may be under- 
gone without pam, but an effort of the patient to move it is attended by 
mtense suffering In other cases there is swelling of the involved joints, 
and pam is produced by pressure and even by passive motion 

There is a rise of temperature which is continuous until the end of the 
second, third, fourth, or fifth day, when it reaches its maximum The 
temperature continues at this height until the third to fifth day, usually the 
fourth, IS followed by a sweatmg and great prostration, wdien it suffers a 
remission, and m some cases an intermission, of twelve to tliirty-six hours, 
after which there is a second elevation, which never reaches the former 
height In some patients the second elevation of temperature and other 
symptoms are absent The temperature varies from 100° to 106° P , m 
cases of average severity not going above 103° or 104°, but m severe cases a 
maximum of 105°, or even 106°, is not mfrequently found The pulse is 
usually boundmg, ranging from 90 to 140, and mcreases m fiequeney with 
the fever 

Anoiexia is nearly always present, and in some cases marked nausea and 
vomiting This last feature is prominent in some epidemics, and since 
dengue often occurs in close conjunction with yellow fever, has led to diffi- 
culty m diagnosis This is more difficult when more or less jaundice and 
a heavily coated tongue are present The tongue is usually moist, but 
covered vnth a whitish coat, in some cases it may be brovm The counte- 
nance wears an anxious look, and is congested from the attendant erythema, 
giinng it a peculiar bloated appearance The conjunctivse are suffused 

The Eruptions — ^There are two skin manifestations, the first a vasomotor 
erythema coming on with the first accession of fei er, and the second, the true 
eruption, which occurs at the second accession of fever w’hether this follows 
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remission or intermission The initial eruption vanes in intensity from a 
simple redness to a distinct erythema It occurs first on the face, causing 
it to swell, the conjunctivse are suffused, and there is tumefaction of the eye- 
lids Sometimes this extends to the nasal and pharyngeal mucous mem- 
branes It may also extend over the body Its duration is shoit The 
secondary rash, occurnng usually on the fourth to the sixth day, is considered 
by many as one of the most characteristic symptoms While this is true in 
a majority of cases, Bassett-Smith, West, and others, note its absence in 
many cases Horlbeck states that in the epidemic in Charleston m 1895 
the eruption occurred in 40 per cent of all cases Certainly the terminal 
eruption is present m a majority if not all cases It appears first on the palms 
and backs of the hands, and extends up the arms, it is also found on the 
trunk, thighs, and legs Generally it at first appears as a small elevated 
circular spot, dusky red m color, disappeanng on pressure, and tending to 
coalesce with contiguous spots, making irregular patches some 2 or 3 
inches in diameter Between these areas the skin looks normal In some 
instances, however, the entire integument may be covered by a continuous 
red blush, giving the patient a scarlatmaform appearance It leaves m the 
order m which it appeared It is charactenstic in being not charactenstic, 
some duthonties describing it as urticaria-hke, some as macular, some as 
measly, some as loseolar, rubeoloid, etc These differences may be 
accounted for in large measure by the variations of the disease The 
terminal eruption generally persists foi twenty-four hours, but may last 
longer When fully developed it is frequently accompanied by some itch- 
ing and burning It should not be forgotten that in some epidemics the 
terminal eruption is either absent altogether or is evanescent and escapes 
detection 

Desquamation follows the eruption, but is bran-hke in character, and 
never appears m large flakes It may continue for two or three weeks but 
IS usually over m shorter time 

The bowels are at first constipated, but diarrhoea frequently supervenes 
toward the later stages The urine is usually high colored, but is never 
suppressed and larely albuminous Enlargement of the lymphatic glands 
of the neck, axillie, and groins not infrequently occur when the fever begins 
to lemit 

Hemorrhages from mucous surfaces occur, but aie by no means constant, 
being absent or of small consequence m a large proportion of the cases 
observed by me They liaie been noted by \arious obseners, hovever, 
and form a part of the sjTuptomatology, Foster stating that “there is always 
a tendency to hemorrhages from the mucous surfaces, and, m females, 
especially from the womb ” He states further that he had seen 3 cases 
of alarming hemorrhage from the bowels, 1 persisting for several months 
and finally causing death He also saw 2 cases of black vomit, but these 
are extreme cases 

iDUnunity Our present knowledge does not justify the position that any 
race or generation of people is immune Recorded epidemics show that 
the people of a cit^ are attacked rapidh, in large numbers, and mthout 
legard to race, sex, age or caste One attack usually protects against another, 
but tv o and e\cn three attacks liaie been observed in the same indiiadual 
Dickinson records in the epidemic in Charleston m 1850, that only those 
escaped the disease vho had suffered from it m 1828 A fev vnters on 
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dengue hold that one attack affords no protection against a second In 
this the writer does not concur 

Complications and Sequel® — Among these may be mentioned, (1) 
hemorihages from mucous surfaces, (2) inflammations of serous membranes, 
(3) delayed convalescence, (4) relapses Hemorrhages from mucous sur- 
faces, wlule m some epidemics sufficient to constitute a symptom, are absent 
in the majonty and may be regarded as a complication These occur from 
the nose, stomach, intestines, and uterus In rare instances, pleurisj'^, 
orchitis, pericarditis, endocarditis, and meningitis, have occurred Abor- 
tion or miscarriage may occur Convalescence is often slow, extending 
over weeks and months, and soreness of the muscles and joints may persist 
or recur at intervals for a long time Relapses occur a second and even a 
third time, but usually one attack protects against another 

Diagnosis — ^The only diseases with which it is apt to be confounded are 
yellow fever, influenza, malaiial fevei, acme articular rheumatism, and 
scarlatina 

Yellow fever is a disease of one febnie paroxysm, dengue of two Yellow 
fever is a disease of shorter duration In dengue the pulse is accelerated 
m proportion to the temperatuie In yellow fever the pulse is not quickened 
with the temperature, but slowed In yellow fever, an eruption is usually 
not present, whereas an initial and terminal eiuption are frequently present 
m dengue Black vomit and jaimdice occur with yellow fever while they 
are generally absent in dengue The muscular and joint pains of dengue 
ai e not present in yellow fever The mortality of yellow fever is 30 per cent , 
while it is almost ml in dengue In like manner while the diseases do occur 
coincidently, the natuie of the epidemic is of value Lastly, the examination 
of the blood should distinguish if the hsematozoan dengue be confirmed 
as the causative agent 

Influenza most frequently prevails during a cold season when dengue 
could not develop Influenza is a disease of one febrile paroxysm, and is 
accompanied by acute catarrhal symptoms in strong contrast to dengue 
Finally, the nature of the epidemic and the presence of the influenza bacillus 
should make the diagnosis compaiatively easy 

Malarial fever, wlule occurring most frequently in the same sections, and 
at the same seasons of the year, does not occur in such epidemic form The 
febnie distuibance differs from that of dengue, and is relieved by qmnine, 
whereas tins drug has no effect on dengue Finally, the presence of the 
plasmodium malans m the blood wmuld make the diagnosis positive 
Dengue should not be confounded wnth articular iheumatism, for the reason 
that this latter disease does not occur m epidemics The febrile paroxysm 
is different, being irregular and longer in rheumatism Again, the mortality 
and complications of the latter disease are far more serious Pressure on 
inflamed joints m rheumatism causes acute pain, whereas m dengue it 
usually does not It wmuld seem to resemble scarlatina only m the rash 
and fe^er, but since scarlatina is largely a disease of childhood while 
dengue attacks all ages, and scarlatina occurs m all seasons while dengue 
occurs only m warm weather, and scarlatina is accompanied by the char- 
acteristic “strawberry tongue” and ulcerated fauces, is a disease of one 
febrile paioxysm, is not attended by muscular and joint pains, and is 
followed by extensive desquamation, the diagnosis should at no time be in 
doubt 
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Prognosis — ^E\cept m those already affected mtli other disoidcis the 
mortality is almost ml 

Treatment — Prophylaxis — So long as a susceptible mdi^dual is m the 
epidemic area, absolute protection is almost impossible If the Culex 
fattgans is responsible for the transmission much would be gamed by war- 
fare against this insect Whether infection is conveyed by the mosquito, 
by contact wnth patients, or fomities, those having the disease should be 
isolated The debilitated should receive wholesome food and tonics 
Diet — ^The diet should be hqmd, W'hen marked anorexia is present, often 
the only nourishment that will be letamed is egg albiumn The diet should 
receive especial attention not only thioughout the attack, but m convales- 
cence, for no such benign disease with the possible exception of influenza, 
wdnch IS more fatal, produces such marked prostration and has fi equently 
such a tardy convalescence 

External Applications — Hot baths reduce the temperature and quiet 
the nervous system When these fail to reduce the temperature, oi cannot 
be given from the pain attendant on movement, cold applications may be 
made to the head, and the body sponged The pains being so widespread, 
local applications hai e a limited value, but much comfort may be given by 
rubbing the back and joints with a liniment of equal parts of oil of wunter- 
green and spirits of camphor 

Medical Treatment — The bowels should be w'ell moved, preferably wnth 
broken doses of calomel An adult should be given gr J (0 015 gm ) e\ery 
half hour until two or three grains haie been taken, and in children m pro- 
portion to the age If the bov els fail to move in eight hours a saline aperient 
should be given The three more urgent symptoms are pain, fevei, and 
insomnia In cases of moderate seventy a pill consisting of salicin gr v 
(0 33 gm ), and Dover’s powder, gr j to ij (0 13 gm ), wull suffice, being 
lepeated every foui to six hours as indications wmrrant The coal-tar deriva- 
tives are especially valuable and phenacetine or antipynne with codeine 
and citrate of caffeine may be given The following pill three or four times 
a day, if necessary, w'lU be found efficacious in a majority of cases phena- 
cetine— gr V (0 33 gm ), codeine— gr i to J (0 015 gm ), caffeine citrate— gr 1 
(0 65 gm ) 

When the joint s^miptoms are severe the saheylates, alone or m combi- 
nation with an opiate, wall be found effective In a certain number these wall 
not avail, and morphine nail be indicated either by mouth or rectum, but a 
hjqiodermic of gr i (0 015 gm ) wail be found most efficient This must 
be repeated as necessary It practically alu ays gives relief Quinine may 
be given for its antipyretic effect, and it may perhaps have some influence 
on the haimotozoan, but so far as knowai it has no value as a prophylactic 
and does not cut short the disease Some authorities consider it not only 
raliieless but harmful There is no treatment known which aborts an 
attack, and the treatment consists largely m regulation of the diet, keeping 
the patient as comfortable as possible, and meetmg symptoms as they arise 
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EPIDEMIC CEREBROSPINAL MENINGITIS 

By henry KOPLIK, M D 

Definition — Cerebrospinal meningitis, or cerebrospinal fevei, is an acute 
infectious disease with a characteristic local lesion in the meninges and 
tissue of the brain and spinal cord 

There have been various svnonyms for the disease according as each 
author in past epidemics has considered certain symptoms a prominent 
feature of the affection Thus the disease has been called “spotted fever” 
from the fact that at the outset and in the course petechiEe and other eiuptions 
occur on the surface of the body In some epidemics the petechial eruptions 
have been so marked and so extensive as to give rise to the name, “ black 
death ” Such was the case m an epidemic occurring m Ireland 

Cerebiospinal fever is a term cvhich has been preferred by Osier m an 
attempt to compare the affection with pneumonic fever or pneumonia It is 
certain that he has shown a striking similarity in the course of both affections 
The term cerebrospinal fever, however, expresses one part of the symptom 
complex and does not include the lesions found in the brain and cord We 
will, therefore, adhere to the term cerebrospinal meningitis of the epidemic 
type, because the striking feature of the disease is that it appears, when prev- 
alent to any extent, m the form of epidemics and is primarily a meningitis 
of the brain and cord, which seems to be the prominent feature of the 
disease and which has attracted the attention of authors and investigators of 
all times 

History — Cerebrospinal meningitis may be teimed a disease of the 
American continent, and it is not improbable that the contention of the 
European authors that the disease has spread from America to Europe has 
much support in fact The disease fiist appeared m modern history m 1805, 
m Geneva, in midwinter and spring of the year, and vas described by 
Vieusseaux Coincident with this it appealed m Medford, Mass , and vas 
there described by Danielson and Mann independently of Vieusseaux From 
Medford, hlass , the disease spread throughout New England and was prev- 
alent to a greater or less extent until 1816 Among the historians of the 
disease at this tune was Elisha North and a committee of the Massachusetts 
Medical Society made up of James Jackson, J C Warren and Thomas 
Welch An epidemic in Litchfield m 1807 was described by Woodward , and 
in 1808, Bestor, Eiske and Williamson of Baltimore described outbreaks 
Hirsch divides the occurrence of the disease, first, into a period m vhich it 
was prevalent in epidemics m various parts of the United States particularly, 
and m Euiope This extended from 1805 to 1830 In this period the disease 
was seen in Canada, in Virginia, Kentucky, Ohio, New Yoik and PennsvI- 
vania, up to the year 1828, and from this up to 1842 the United States v as 
free of epidemics In the second period the disease seems to have been more 
prevalent m France and Denmark, especially among troojis In the third 
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penod Sweden and Germany seem to have been most affected This period 
extends over ten years and includes the descriptions of Wunderlich, von 
Ziemssen, Hirsch and Klebs The latter described an epidemic in Berlin 
and included an intimation as to its essential cause, so beautifully worked 
out by Weichselbaum From 1850 to 1875 there ivere epidemics in the 
United States and in Ireland, the latter in 1866, occurred m Dublin and Mas 
particularly fatal, being called the “black death ” The fourth period 
extended from 1881 to the present time, although Hirsch does not include any 
epidemics subsequent to 1890 This last period must include the Mmrk of 
Leyden, von Ziemssen, Bauer and Leichtenstern, vdio have described spo- 
radic cases and small epidemics in the Rhine provinces In 1893 the disease 
appeared in New York and Lonacomng, Md In 1896 there M^as an epi- 
demic in Boston, and in 1904 and 1905 one of the most widespread epidemics 
m the history of the disease appeared in New York 

Fiom this it Mould appear that Ameiica is peculiarly the home of this 
disease, and it is very difficult m studying the literature and epidemiology to 
account for this fact 

Character of the Epidemics — Councilman has attempted to characterize 
the nature of the epidemics of this disease as distinct from epidemics of other 
d'lseases, such as cholera Certain it is that the disease first appears m 
isolated places and does not seem to be carried to any extent from one place to 
another, though it has been shoMm m Algiers and m France that the disease 
may be traced along the line of march of troops No such etiological factor, 
hoM^ever, can be pointed to m the epidemics m Boston and Ncm' York 

In the author’s experience and m that of most m riters the disease is most 
prevalent in the m inter and spring The epidemic of 1904 first appeared in 
New York Muth isolated cases in February The frequency increased and in 
April and May the largest numbei of cases occurred In summer and au- 
tumn the disease died out, to reappear late in the m inter of 1905 In Boston 
the first case M'as observed m June and the disease became epidemic only in 
February, the greatest number of cases being m March, April and May 

It IS a disease of young people, but the prevalence m the Boston and New 
York epidemics seems to have varied as far as the age Mas concerned 
Children M^ere most affected m the NeM' York epidemic, M'hereas in Boston 
the greatest prevalence occurred from the tM enty-sLxth to the thirtieth yeai 
Leichtenstern sIioms that m his material the greatest number occurred before 
tMcnty jears of age, but the greatest frequency betMeen the ages of fifteen 
and tM'enty years 

Contagion — ^The question of the communicability of the disease has 
alhays been a matter of discussion There can be no doubt that in certain 
epidemics, such as that described by Berg in 1893 m Ncm' York, there Mas 
no instance of the affection of more than one person in a family, Mhereas in 
1904 and 1905 numerous examples have occurred in Mhiclr tMo, three, and 
even four children of a family m ere affected The author, in some of these 
cases, found that another child of the family, having slept m the bed recently 
1 acated by the meningitis patient, contracted the disease It may be carried 
from one person to another or from one country to another, according to 
North, but there Ins been no autlientie example of this m recent times to the 
knoM ledge of the author That is, cerebi ospinal meningitis cannot be earned 
as scarlet fever mai , by a second person to a third It oceurs in certain 
houses, very much in the manner of pneumonia 
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One attack does not protect from another, tins has been shown by Noith, 
Heiman and Kober, who recorded instances of second attacks, some within 
a year 

Theie is no doubt that the disease is more pie^^alent m the crowded 
quarters of cities than m the sparsely populated parts and where filthy con- 
ditions exist than m more cleanly portions This has been doubted by some, 
because cases have been found in the bettei quarter of cities vhere the 
hygienic conditions weie good, but the authoi feels that a careful study of 
such cases v ill reveal that they are exceptional and have been communicated 
or conveyed from a filthy and crowded quaitei of the city where the disease 
IS most prevalent Such cases occurred m the lecent epidemic m New York 
Children from the poor and filthy quarters of the city who could afford to do 
so were attending better-class schools in the more hygienic part of the city, 
they contracted the disease, and some of the eases oceuirmg m the bettei part 
of the eity could be traced, possibly, to contact with some one from the poor 
quarter 

The disease occurs in sporadic as well as epidemic form Both are due to 
the same cause The sporadic cases oceur eithei independently of the 
epidemic, that is, m different quarters of the city, oi in spaise numbers so as 
not to amount to epidemics Such has been the case m the author’s expei- 
lence in the five years piior to 1904, when sporadic cases occurred throughout 
the City of New York Sporadic cases may occur for some years after an 
epidemic has run its course It is not understood why epidemics are not 
prevalent at such periods Some have tiied to explain these sporadic cases 
by the morphology of the Dtplococciis intiacellulans, its low vitality and the 
immunity of the mass of individuals to infection by it, and by the absence of 
conditions favorable to epidemics and the commumcation of the disease by 
one individual to others 

That the disease is communicable from person to person there is no doubt, 
although this varies m different epidemics, being scarcely appaient m some 
It certainly is not communicated through the atmospheie, as scarlet fevei or 
measles 

The general conelusion is that it may be communicated through the 
secretions of the mouth, nose and conjunctiva, because the etiological factor 
of the disease has its habitat on the mucous membrane of these localities and 
has been demonstrated, as m one of the author’s cases, in the seci etion of the 
conjunctiva and nasal mucous membrane It has not yet been determined 
whether the disease is communicated to human beings by insects 

Etiology — ^The etiological factor both m the epidemic and sporadic 
forms, IS a coccus of the diplococcus type It w^as first described by Leichten- 
stern m five cases of the disease, and more completly isolated and described 
by Weichselbaum in 1887 It is a diplococcus similar to the gonococcus and 
has been called by Weichselbaum the Diplococcus iniracellularis menin- 
gitidis This diplococcus is the essential cause of the disease and has been 
found m all authentic cases of epidemic cerebrospinal meningitis It has 
been described by Goldsmith, Netter, Jager, Heubner, Peterson, Furbringer 
and Fmkelstein An attempt to nullify the unity of the affection by tracing 
some cases to the pneumococcus has been abandoned and it is no longer 
recognized as an etiological factor m the epidemic form of this disease 

The Diplococcus intiacellulans is a micrococcus of the size of the ordinaiy 
pathogenic micrococci The diplococci have an unstained interspace, are 
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decolorized by Gram’s stain, may occur in tetrads or m short chains, but do 
not occui m the form of streptococcus chains, as described by Jagei The 
microorganism is difBcult to cultivate and of lov vitality Cultures, in order 
to be kept alive, must be renewed at short intervals It grows best on Loeffler’s 
serum and m glycerme-agar, not m the foim of profuse streaks but lather m 
isolated colonies It grows but feebly in plain agar and is not visible as a 
growth on potato In bouillon it gives a slight cloudy sediment at the bottom 
of the tube It does not change litmus 

In the inflammatory exudate it is especially prevalent m the poljmuclear 
leukocj^es, not m the other cells of the tissues, though it may occur outside 
of polynuclear leukocytes, either in the exudate or m the tissues but not m the 
cell body It sometimes is so numerous as to pack the leukocyte and in other 
leukocytes may not be so numeious It has been found m certain cases m 
great numbers in the lungs when pneumonia complicated the meningitis, and 
here it may occur with pneumococci, staphylococci and streptococci It is 
not pathogenic to guinea-pigs and rabbits m subcutaneous injections, but will 
kill the experimental animal after intrapleural, peritoneal oi subdural in- 
jections It IS pathogenic to goats in peritoneal, subdural and mtrapleuial 
injections, but this seems to be the only animal, excepting the monkey, in 
which the picture of the disease, as it appears m the brain and cord, has been 
reproduced j 

The meningococcus has been found in the secretions of the nose, the eye, 
the bronchi in pneumonia, in the pus of complicating joint affections and in 
the blood, as u ell as in other localities hitherto mentioned The meningo- 
coccus has been isolated from the blood of patients suffering from epidemic 
cerebrospinal meningitis by Solomon, Holier, Bettencourt, Franc and Elser 
The last-named writer found it in 25 percent of his cases at vaiious periods 
of the disease independently of the severity of the infection Its occurrence in 
the nose and the secretions of the nasal mucous membrane of noimal in- 
dividuals IS especially interesting in view of the fact that in this locality there 
occurs normally a diplococcus which closely resembles the meningococcus 
and uliich is called the Diplococcus caiairlmhs This micrococcus has been 
mistaken by many obseners for the meningococcus Its morphology has 
been carefully worked out by Ghon and Albrecht, and by the skilled observer 
can be easily distinguished from the Diplococcus iniraceUulm is The Diplo- 
coccus mil acelliilans has been found in the nasal secretion by Schiff and 
Burdach not only in those who have been in contact with cases of meningitis 
but m the secietions of the nasal mucous membrane in the normal individual 
Wright has recently described a case m Avhich he has isolated the meningo- 
coccus from the nasal secretion of a case whicli closely resembled one of 
ordinary influenza 

Goodvin and Scholly isolated the meningococcus from the nasal mucus of 
50 per cent of memngitis patients during the first tuo ueeks of the disease 
and from 10 per cent of those u ho came in contact u ith the patients These 
authors, as 11011 as Boldnan, consider the disease transmissible through the 
nasal mucus from one person to another 

Considering all the data, i\ eight is gnen to the supposition that the mucous 
membrane of the nose and the neighboring respiratory spaces is a normal 
habitat of the meningococcus This diplococcus is found in the pus of the 
conjunctivitis nhicli complicates the disease and at least one such case has 
been published bj the author 
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The question of the method by which the infectious agent gams access to 
the cranial cavity is a matter of great speculation The old theory of Wcigcit 
that the infection occurs through the mucous membrane of the nose and 
ethmoid sinuses has been revived in another foini by Westenhofei The 
latter contends that the disease is an inhalation infection by way of the 
Ijunphatics through the tonsils, sphenoidal sinuses, the antrum of Highmore 
and, finally, by direct extension through the sphenoidal sinuses to the hypo- 
physis In this manner all cases of ceiebrospmal meningitis would be basic 
at the start He rejects entirely an extension of the infection to the brain 
through the ethmoid sinuses inasmuch as they are larely inflamed 
Unfortunately a critical inspection of Westenhofer work is not convincing 
Morbid. Anatomy — ^The essential lesions aie inflammatory changes in 
the meninges of the brain and cord, the tissue of the brain, cord and neives 
The Brain — ^The meninges of the hi am are inflamed and there is a puru- 
lent, seropurulent or fibrinopurulent exudation, most apparent at the edges 
of the brain, extending from the optic commissure back ovei the ciura, pons 
and medulla On the suiface the exudation is found on the convexity, 
mostly laterally and for some distance on either side of the fissure of Rolando 
Little or no exudate is found along the longitudinal fissure The meninges 
of the cerebellum are also involved, principally on the uppei surface and 
upper nm along the choroid plexus There is some exudation m the sulci 
In acute stages the changes consist mostly of injection and oedema of the 
meninges There is little or no exudate There may be thin lines of yel- 
lowish exudate along the sulci and the pia-arachnoicl has a pinkish coloi 
due to the intense injection of the bloodvessels (Plate XIX ) In cases 
dying five to twelve days after the onset the exudate is more abundant and 
fibrinous and more marked about the base and medulla In cases which 
have lasted from fifteen to tliiity days there is oedema and thickening of the 
meninges, with whitish patches apparent on the vertex and at the base, con- 
sisting mostly of organized exudate At the base of the brain bands of 
organized tissue may be seen stretching from point to point The lining 
membrane of the ventricles may be thickened and tlie seat of exudate 
The memiiges of the coid are affected very much in the same manner but 
to a less degiee In some cases there is little or no exudate, even in cases 
which have lasted a week and which show marked exudate on the brain there 
may be little or none visible macroscopically on the cord Exudate on the 
cord IS most maiked on the posterior surface, the amount of subarachnoid 
fluid being increased and the central canal dilated (Plate XX ) In acute 
cases the ventiicles of the brain may not only be dilated but filled with turbid 
fluid, and the cornua may contain a purulent fluid The lining membrane, or 
ependj’^ma, is the seat of changes either of injection or exudate, as is also the 
choroid plexus The tissue beneath the walls of the ventricles may be 
oedematous and softened In chronic cases the lining membrane is thickened 
and has lost its lustre It may be covered mth granulations The' cavity of 
the ventricle is dilated to a varying degree, according to the amount of 
hydrocephalus which supervenes 

The tissue of the hi am may be the seat of hj'perjemia, oi hemorrhages in 
the various parts, and on section there may be thrombi m the vessels, with 
areas of softening and even abscesses m places The cranial neives arc 
found to be embedded m the exudate and on section are swollen and led and 
the seat of changes to be described On microscopic examination the tissue 
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of the pia-arachnoid is found to be the seat of purulent infiltration, the blood- 
\ cssels are filled m itli blood and leukocytes and their m alls show infiltration 
M ith small masses of leukoc}'tes Throughout the tissue of the pia-arachnoid 
theie are found small aieas of leukoc}tes scattered in the finer granular 
inflammatory mass The connecti\e tissue of the pia is infiltrated 'll itli cells, 
jirincipally pohmuclear leukoc}h;es (Plate XXI ) There is a peculiar cell 
found here, and desciibed by Councilman, which measures two to eight times 
the diameter of the leukoc^de, having a large vesicular nucleus and finely 
granular piotoplasm m the cell body Some of these large cells contain a 
varying number of leukocjdes 

In chionic cases the pia-arachnoid shov s distinct changes m the connective 
tissue resembling cicatricial tissue There is proliferation of fixed connective 
tissue cells of the arachnoid and those lining the lymph spaces Nuclear 
figures aie very common in the cells of the connective tissue Changes m the 
meninges of the coid resemble m a general ^^ay those found m the pia- 
arachnoid and brain 

The brain tissue shovs microscopic changes, which are most marked in 
cases w Inch have extended ovei a period of five to ten days or more The 
vessels aie injected, the tissue itself is oedematous, and the lymph spaces are 
dilated Here and there there is a diapedesis of leukocj^tes from the men- 
inges into the brain tissue proper some, distance from the coitex There 
arc areas of hemorrhage and extensive softening at times The ganglion 
cells show changes of a degenerative nature, although investigations on this 
point are not j et complete In chronic cases also the canal of IMagendie 
may be obliterated and there may be marked changes, thickening of the 
meninges, with connective tissue proliferation into the tissue of the brain 
The neuroglia shows m places an increase of cells, especially with vesicular 
nuclei and blanching processes in the cortex of the brain and in the walls 
of the ventricle In the cord itself these changes m the neuroglia aie not 
so common, and the changes in the ganglion cells, so far as is known, 
consist of gianulation, atiophj, and fatty degeneration 

The microoiganisms which are the essential cause of the disease are found 
m the exudate on the surface and m the tissue of the pia-arachnoid, for the 
most pait m the leukocytes Veiy few are found outside these cells The 
Diplococcii-} vjii acclhilans may also invade the tissue proper of the brain and 
spinal cord, although in the majority of cases this is not as maiked as one 
w ould expect fiom the extent of the mflammatoiy lesion found on the surface 

The Nerves and Gangha — ^The changes in the nerves have been partic- 
ulailv studied m the optic, the olfactorj , the fifth, se\enth and eighth nerves 
Changes in the gangha ha\e been studied in the Gasserian ganglia, and are 
well described by Councilman 

The changes m the ner^ es consist of infiltration of the pia-arachnoid and 
dilatation of the blood\essels of the nen'e with a purulent infiltration as a 
direct extension from the inflammation of the brain In the optic nen^e the 
extension of the inflammation may reach the optic globe, causing neuro- 
ictmitis, and may e\en proceed to a general inflammation of the tissues of 
the orbit w itli bacterial iua asion In chronic cases the nen e ma\ be the seat 
of chronic changes In other w ords, the cranial ner^ es are the seat of a more 
or less extended neuritis which lanes from an exceedingly mild infection to 
tint of the se^ crest tj’pe 
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The ganglia, such as the Gasserian ganglion, may be the seat of purulent 
mfiltration and degeneration to such an extent as to result m the destruction 
of the cells The posterior nerve roots of the spinal cord may be the seat of 
inflammation, the bloodvessels are injected, small collections of plasma and 
lymphoid cells aie found between the individual nerve fibers, which are them- 
selves the seat of degeneration, and the axis cylinder may show marked 
changes The pen- and endoneurium are the seat of infiltration and inflam- 
mation In some cases the pituitary body has been found to be the seat of 
infiltration, necrosis, and atrophy of the gland elements 

Other Organs — The changes found in other organs of the body are either 
complicating or accidental A complicating pneumonia may be of the 
lobular oi croupous tj^e There may be bronchiectasis and small hemor- 
rhages throughout the lung In some cases the pneumonia may be due to the 
pneumococcus In other cases, such as lecorded by Councilman, the pneu- 
monia was directly caused by the Dtplococcus niii acellularis meningitidis, and 
the microorganism was found in gieat numbers m the inflammatory area 

The spleen m some epidemics has been found to be enlarged m the 
majority of cases It may, however, be smaller or even normal in size After 
the fifth day, as a rule, it may be slightly enlarged and the seat of hypeiaimia 
The lymphatics show no changes outside of congestion and injection The 
liver may show cloudy swelling, and m exceptional cases purulent infiltration, 
especially m the portal spaces The kidney may be the seat of acute degener- 
ation and parenchymatous changes 

The changes in the skin correspond to the lesions found m this disease 
There are areas of hyperaemia and hemorrhages, most marked in the sub- 
cutaneous fat These correspond to the petechue in the skin seen duimg life 
Although there may be abscess in the skin and purulent infiltration, as yet 
the intracellular diplococcus has not been found in the skin lesions In the 
herpes, both on the face and the trunk, no diplococci have been isolated from 
the fluid, but there is purulent infiltration and increase of the fixed cells of the 
tissues 

Classification — ^Under the heading of ceiebrospmal meningitis or cere- 
brospinal fever there have been hitherto included certain forms of meningitis 
which have occurred m groups more or less extensive and which are now not 
recognized as the form of cerebrospinal meningitis of which we are at present 
writing At one time such authors as Netter, in France, thought that the 
pneumococcus form of meningitis might occur m epidemic form However 
this may be, we recognize to-day that cerebrospinal meningitis, or cerebro- 
spinal fever of the epidemic tj^e, is due to a single etiological factor — the 
Diplococcus ini) acellularis of Weichselbaum The meningitis of the epi- 
demic tj^e is caused primarily by this microorganism, and investigators are 
agreed that in all epidemics this one organism has been the etiological factor 
Small outbreaks and sporadic cases of the same disease occurring m years m 
which epidemics were not prevalent have been proved to be due to the same 
microorganism Theold questionas to the essential causeof the sporadiccases 
of cerebiospmal meningitis of the epidemic type can be regarded as settled 

Symptoms — Cerebrospinal meningitis of the sporadic or epidemic tjpe 
manifests itself in distinct clinical forms During an epidemic these are more 
sharply defined than at other times 

The first is the so-called foudroyant or malignant form m which v itliin 
tw elve, twenty-four, or thirty-six hours the fatal issue may supervene In an 
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epidemic these malignant forms are not uncommon Tliej" are most apt to 
appeal, however, either at the outset or at times 'v^hen the epidemic is appar- , 
ently on the wane An adult or a child m apparent health complains of 
slight headache, there is nausea followed by vomiting, fever and uncon- 
sciousness m lapid succession Death occurs in a short time, consciousness 
not being regained 

Another form is that in w Inch the patient, m apparent health, is suddenly 
taken w itli dizziness or i ertigo, i omiting occurs, follow'ed by severe headache, 
generally of the occipital type, fe%er ensues, the patient becomes drowsj or 
even delirious At this time there may be slight rigidity of the muscles ol the 
neck and a slight ICernig reaction In these cases, after a period varying fi om 
a few' hours to a few' days, the patient passes into a condition of stupor and 
delirium, w'lth reti action of the head, opisthotonos, the Kernig symptom and 
the full picture of the disease In ‘other cases this history is interrupted by 
periods of collapse A patient taken w'lth fever, \ omiting, and headache, is 
ill for tw'elve hours w'lth these sj'mptoms and is peifectly conscious, when 
suddenly, after an attack of vomiting, he goes into a condition of collapse, 
W'lth a rapid thieady pulse, sighing respiration and total abolition of reflexes 
Aftei rallying from this condition the patient show s the classical symptoms 
of cerebrospinal fever In this condition of shock there is nothing character- 
istic of meningitis, that is, there is no rigidity of the neck, opisthotonos, or 
Kernig’s sign The patient seems to be in the condition of shock super- 
induced by the sudden onset of the disease and the toxiemia resulting there- 
from, and w'hat has appeared to the author lapid distension of the ventricles 
of the brain w'lth fluid exudate 

During an epidemic there is a more puzzling form very frequently en- 
countered A patient previously m apparent health w'lll complain of head- 
ache, has fever, and, in the case of infants, is restless, refuses the breast, 
vomits once oi tw ice, and then has a temperature curve ranging from 105° F 
to noimal or subnoimal In the intervals of apyrexia the patient seems quite 
w'ell and, in the case of infants oi childien, will play and seem in apparent 
health When the temperature uses, howe\er, they complain of slight head- 
ache, become drowsy and iiritable, and lefuse nourishment In these cases 
the t^'pical signs of meningitis aie not ahvays apparent The dehiium is not 
constant and may not extend o^ cr tw enty-four hours The rigidity at the 
back of the neck may not be very marked, esjiecially in the case of young 
infants If above tw'o years of age Kcrnig’s sign ma> be piesent, not only 
w hen the tcmperatuie is high but hen subnormal The most characteristic 
symptoms, howe^er, seem to be the sudden onset, and the prolonged period 
of fe^cr, which is of the intermittent tyqie These cases are often mistaken 
foi malaiia and aie not uncommon in an epidemic of cerebrospinal menin- 
gitis 

In man^ of these cases the onset has been insidious, in others it may ha^e 
been marked b^ an attack of \ omiting or coniulsions In other cases the 
disease is rcather masked b'^ some complication such as neuritis The w riter 
Ins seen ccitain cases in w Inch the onset has been marked b\ slight headache, 

' omiting, and fc\cr, which continued for a few da^s, and then the patient 
dc\ eloped an intermittent temperature in the absence of headache, with but 
slight rlgIdIt^ of the neck and w ith a marked Kering’s sign and se\ ere double 
seiatie neuritis, whieh continued o\cr weeks w ith inter\als of intense pain and 
the charittcristic temperature, and resulted in final reco\er\ 
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In every epidemic of cerebrospinal fever there are abortive cases which last 
but a few days when the fever subsides and the patient makes an uncompli- 
cated, at times a complicated, recovery The abortive cases, epidemic or 
sporadic, Avhich the author has met, begin in the classical way Patients 
complain of headache, may vomit or have a convulsion, with high tem- 
perature, there is severe headache for a few days, with rigidity, and the 
symptoms which will be described as characteristic of the disease, ending 
finally in complete recovery, or leaving the patient totally deaf These are 
not so uncommon as would be supposed, and are not generally recognized 
because their duration is so short 

Finally, the regular type is that met wuth m the sporadic and epidemic 
cases A patient in apparent health is taken with sudden severe headache, 
vomiting, fever, and a rapid pulse The vomiting may not persist beyond 
the initial stage, but the headache continues and increases, ngidityof the neck 
becomes apparent, and aftei a few days, opisthotonos may set in, stupor and 
coma develop, and the patient goes on to the symptoms of the acute or sub- 
acute forms 

Under the acute classical form we may include those cases which last from 
one to four weeks and either die or recover with or without complications 
Under the chronic form we understand those cases which last from two to 
three or four months and either make a recovery with sequelfe or compli- 
cations, or die of exhaustion 

The Mode of Onset — In the vast majority of sporadic and epidemic cases 
the mam characteristic of the onset is that it is sudden and abrupt Patients 
have previously been in apparent excellent health when they are stricken with 
the disease There is a history of gradual onset in a very small percentage, 
and the writer believes that m these there may have been a previous indisposi- 
tion to alter the history of the onset In this respect this form of meningitis 
difters from the secondary forms, especially the tuberculous, m which the 
onset IS usually gradual 

When fully developed the clinical features piesented by a case of cerebro- 
spinal m'^ningitis of the epidemic type are quite characteristic The patient 
lies m a semi-conscious, stuporous, delirious or comatose condition The 
position most affected by the patient in bed is that on the side in the crouching 
posture, th° head retracted, the knees dravm up, the arms flexed, the hands 
supporting the chin In some cases there may be an eruption on the body, 
either petechial, roseolar, or erythematous There is generally high temper- 
ature V hich may at times fall to normal or subnormal The patient may toss 
here and there in bed or may he, when undisturbed, m a muttering delirium 
or, when disturbed, may show signs of hjqieriEsthesia of the nervous system 

Another clinical type whifch occurs both sporadically and in epidemics is 
that -which affects children beloiv two years of age It is the so-called 
posterior basic tjqie of meningitis, w'hich has been described by Gee and 
Still under the title, at first, of cervical opisthotonos and later, by Still, under 
the title here given In these cases the meningitis confines itself almost 
exclusively to the structures at the base of the brain, from the optic chiasm 
backward to the pons and cerebellum These cases are for the most part 
fatal, developing hydrocephalus in course of time, and m exceptional cases 
resulting in recovery This form will be treated at greater length by itself 

The so-called tache cer^brale is present When an attempt is made to 
straighten the neck there are evidences of extreme pain If the pupils are 
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closely -natclied during this, distinct mydriasis can be seen In children 
close observation of the e} e reveals an automatic oscillation to and fro on the 
hoii/ontal axis The pupils may be contracted or dilated, according to the 
stage of the disea-a ^^'hcn the patients are suffering pain the pupils are seen 
to dilate An attempt to extend the leg on the thigh i\ hen the latter is at 
light angles to the trunk not only meets Mitli resistance but is also accompa- 
nied by evidences of pain This m ill be desenbed under the so-called Kernig 
symptom The pulse in the acute cases is rapid, at times irregular, but 
latteily as slow as m tuberculous meningitis The respiiations may be sigh- 
ing, shallow, sometimes imperceptible but larely of the Chej^ne-Stokes 
vai lety, as seen m tuberculous meningitis 

The patient may not only resist any interference but all nourishment In 
some cases there are intervals of consciousness during ■siliieh they complain 
of intense headache, usually of the occipital, sometimes of the frontal t>pe, 
and sometimes ot pain along the spine Some patients comiilam of abdom- 
inal pain Aftci continuing m this condition for a varying length of time, the 
patients may regain consciousness and gradually improve but the last thing 
to disappear bcloie convalescence is the rigidity of the neck and the con- 
tiactuies of the limbs As convalescence approaches there may be intervals 
dining which the patient complains of headache and the temperature rises, 
and intervals in which he is quite comfortable, or he may regain conscious- 
ness or pass into deep coma, from which he never rouses, having progressive 
retraction of the head, opisthotonos, emaciation and coma 

In other cases patients may pass into a chionic stage during which some of 
the s^ mptoins, such as stupor and delirium, may abate The lever continues, 
how’ever, ovci a period of weeks, with internals of headache and pains in the 
limbs, cspeciall} along the sciatic neives In some of these cases emaciation* 
IS one of the most maikcd symptoms Recover j from this condition may 
occur giadualh 

Individual Symptoms — ^We may divide the symptoms into those which 
aic especially referable to the effect of the toxins and the bacterial m\asion, 
such as fc\ei, etc , and those connected more particularly wuth the reaction of 
the general ner^ous s\ stein 

Fever — ^Tlic temperature is not characteristic In some cases the tem- 
peratuic is of a decidcdh irregular tiqie, more especially m those patients m 
whom the duiation of the disease is short Cases of a week’s duration will 
show a gradual rise from the onset to a certain point and then a gradual 
decline In this respect the temperature curve is no more characteristic than 
that seen in t^qihoid fev er of short duration In other cases the fever curve is 
cxccedmgh iriegular and mav extend over a week, with remissions and inter- 
missions, tint IS, the temperature ma> drop a degree or two, or at times to 
norm il oi subnormal, and mount again to its original height or a degree or 
two lower 

In another class of cases the fever seems to take a distinctlv intermittent 
cour-ic and these, it seems, are the cases which have been mistaken either for 
m.ilaiial fever or tvjihoid in the later stage In these cases the temperature 
in ikes cxcccdui"h wide excursions and ma^ mount on the same d.ii to 105° 
or 100° 1 and drop within a few hours to normal or subnonnal, to return 
within i few hours to its original height Such a temperature mav continue 
for weeks, and in this respect, if combined with other svmptoms of cerebro- 
spinal meningitis, must be regarded as characteristic of this set of cases 
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In the subacute or chionic forms, especially those occurring in children 
below twm years of age, the tempeiatuie after a time may drop to normal and 
continue normal for w eeks oi at most half a degree oi a degree above it, m 
this respect simulating veiy closely what is seen in tuberculous meningitis 
In oldei childien and m adults the tempeiature m the subacute period may 
also drop to the noimal and after some days mount again The temperatuie 
does not seem to be dependent on bacteiial remvasion or exacerbation of the 
symptoms in these subacute and chionic cases The patient appeals to be 
m much the same condition, wuth the exception of the temperature falling to 
normal and remammg there for days, mounting again in irregular fashion 
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Temperature curve showing irregularity and wide excursions 

During convalescence a patient who has been doing fairly ivell may 
suddenly develop an inteimittent form of fever In these cases at times ive 
have with this temperatuie a slight return of the foimei symptoms, such as 
’ headache and at times vomiting These seem to be moie in the nature of 
a lelapse In some of these, apparent convalescence may be interrupted by 
aweekortivo of lecuircnt fever which finally disappears, with complete 
recovery of the patient 

Pulse — The pulse is, as a lule, lapid It may range from 90 to 120 in the 
course of tw ent> -fourhouis and is iiregularboth m rhythm and force This ii- 
regulaiity may be said to be quite characteristic of these cases As to late it 
differs from the tubeiculous foim,inwdiich the pulse is chaiacteristically slow 
Respiration — ^The lespiiations may be irregulai, sighing, supeificial oi 
deep As a lule the late is inci eased in frequency to a vaijung extent 
The Cheyne-Stokes respiration is not as common as in the tuberculous tjqie, 
but the iriegular sighing form of respiration is veiy common 

Skin — ^The eiuptions varv accoiding to the natuie of the epidemic and the 
seieiitv of the infection In seveie cases, petechial eiuptions and hemor- 
rhages under the skin are quite common in ceitain epidemics The petcchise 
mav be so small as to be scarcely seen, or in some cases, especially in young 
children, the ecch-\mosi& may covci aieas as laige as the palm of the hand, 
paiticulaih in the acute malignant foims A roseola like that in tjqihoid 
fei er is not uncommon Ervtheinatous eruptions are quite common at the 
outset and give way to petechial foims This is seen especially in children 
in whom an erythema maj ushei in the primal y symptoms, to disappear in 
a few hours and be follow v,d by a petechial eruption Herpes are seen on the 
lips, ala; nasi, and different paits of the body The winter Iras seen extensive 
herpes with bleb formation on one hand These herpetic eruptions have 
nothing characteristic as to location The contention that they differ fiom 
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the herpes in other diseases is scarcely confirmed by clinical observation, noi 
has examination of the contents revealed diplococci m the writer’s investi- 
gations In some epidemics herpes are more common than m otheis and 
tiiey occur when pneumonia is not piesent, although they may occur when 
pneumonia is a complication They are not pathognomonic of the disease 
In some cases the herpes may be distinctly heinoirhagic 

Mental Condition — It may be said in a general way that at the outset 
the intense headache gives way to sopor and subsequently to stujior Theie 
IS delirium of a mild type at first which may become noisy later on If such 
patients are spoken to, however, they rouse from their stuporous condition 
and answei questions quite intelligently provided that the auditoiy apparatus 
has not been affected In some cases there is distinct deafness, in which 
event it is impossible to come to any definite conclusion as to the mental 
state In the acute cases winch take a fayoiable course the patients come 
out of their delirious condition veiy much as in pneumonia and are quite 
bright, remaining so until the termination of convalescence, though other 
symptoms referable to the nervous system, such as rigidity, opisthotonos, 
and Kermg’s sign may persist In other cases the mental condition passes 
through the various stages of sopor, stupor and coma, from which they are 
never roused In some, after having passed through the primary stage of 
stupor and recovered partial consciousness, convalescence is marred by a 
mental condition closely simulating idiocy In this state the patient may 
continue for an indefinite time, finally recovering the normal condition oi 
remaining idiotic 

The Nose and Throat — In a large number of children in the epidemic of 
190-l:-05 a coryza was present at the outset In many cases this jwith con- 
3 unctivitis caused some confusion with measles In quite a number of cases 
the tonsils and phaiynx weic markedly inflamed In previous epidemics 
and m this present epidemic an examination of the discharges from the nose 
showed a diplococcus which in staining and cultuial characteristics uas 
identical with Weichselbaum’s diplococcus Shiff, Councilman, and 
Wright have found this diplococcus in the nasal secretions of the normal 
individual Although the Diplococcus caiai i liahs has a normal habitat in 
the nasal mucous membrane, there is no doubt that both m patients with 
meningitis and in those who have been in contacts itli such patients Weichsel- 
bauin’s diplococcus may be found in the discharge from the nasal mucous 
membrane hlany children suffer from adenoids, and a nasal discharge 
from such causes must not be confused ivith the acute coryza mentioned 
before 

The Eyes — Contiary to the geneially accepted opinion we have found 
that examination of the fundus ocuh in the majority of cases leveals no 
change in the optic papilla, although in quite a number there u as dilatation 
of the veins and congestion without neuritis In some cases there mav be 
descending neuiitis In a group of 26 cases of meningitis of the tuberculous 
tiqia neuritis uas found in fully 7/ per cent It was either optic neuritis or 
papillitis with or wuthout the presence of tubercles in the choroid In those 
cases of cerebiospinal meningitis which lecover, the damage to the eyesight 
must ceitainh vary in different epidemics Blindness oi definite changes in 
the fundus m those patients wdio have recovered in the lecent epidemics in 
Is ew "^oik have been uncommon, although records of such cases are found 
m epidemics elsewdieie In the fatal cases an extension of the inflammation 
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along the optic nen’e has been described These changes may involve not 
only the nerve but the choroid, the vitreous and the structures of the globe 
In Aarious epidemics much confusion has been caused by records of eye 
lesions vhicli evidently were not due to meningitis of the diplococcus tj'pe 
In the epidemic of 1904-05 the writer saw' many children in whomcon- 
■junctivitis w as present, due apparently to affection of the neives of sensation 
and loss of protection to the conjunctiva The lesion is one of the fifth nerve 
Other forms of conjunctivitis are due to the direct action of the Dtplococciis 
inemngihdts Other eye lesions may be due to an extension of the inflamma- 
tion along the optic nerve, causing neuritis and indochoroiditis or even de- 
struction of the globe Keiatitis is due to affection of the fifth nerve by 
diiect extension (Councilman) The nerves of the muscular apparatus of 
the eyeball may be affected, thus paralysis of the abductor or oculomotor 
nerves may result As to the simple absence or presence even of photophobia 
it IS not possible to come to a definite conclusion In this disease there is 
great lij’perBesthesia and m some subjects this extends to the conjunctiva 
The patients may he w itli the eyes closed tightly and resist any attempt to 
open the lids In others, especially young infants and children, no such 
symptom is noted 

The Ear — ^The ear is more commonly involved in young subjects than 
in those later m life In the majority of cases there is some redness of the 
drum The younger the child the more apt is this to be the case There 
may be otitis, wnth the formation of pus in w'hicli is found the Diplococcus 
iniiacellvlatis In spite of assertions to the contrary, there is no case on record 
in w'hich It has been proyen that the disease w'as inaugurated by extension of 
primary inflammation of the ear to the meninges In many patients w'ho have 
recovered there is permanent deafness This may complicate attacks wdiich 
hayebeen exceedingly mild and only lasted at the most a w'eek, wnth complete 
recovery otherw ise In young children this complication may occur at the 
earliest stage, and is due to inflammation of the auditory nerve hloos 
found that of 64 cases of meningitis fully 57 per cent of those w'hich recovered 
w eie deaf Deafness may appear as eaily as the first day of the disease and 
as late as the fourth month of conyalescence It is possible that the abortwe 
form of cerebrospinal meningitis is m many cases the direct cause of deafness 

The Blood — In all cases there is a varjnng leukocjdosis at the outset Tins 
IS of the polynuclear tj'pe and ranges from 20,000 to 55,000 to the cmm 
exceeding 25,000 in fully 55 per cent of cases The low'est leukocyte count 
peisonally obsen'ed has been 11,000 to 12,000 This corresponds very closely 
to the observations of Osier In the chronic form the leukocyte count may 
drop to noimal and remain there for some length of time, m this w'ay closely 
simulating what is seen m forms of tuberculous meningitis Therefore, so 
far as the chionic forms of cerebrospinal meningitis are concerned, both in 
children and in adults, the leukocyte count is of no clinical value The 
leukocjdosis differs from that seen m tuberculous meningitis wdiere the 
leukocytes rarely mount above 24,000 to 25,000, except in the pre-mortal 
state, when they may be 32,000 This is true both in children and in adults 

In the so-called basic cases m infants and children, the leukocyte count 
ma^ range from 32,000 to 34,000, but tow'ard the close of the disease when 
the temperature uses above normal it may fall as low' as 9,000 to 10,000, 
in this latter lespect resembling tuberculous meningitis The majority of 
these do not recoier, and are complicated w'lth permanent hydrocephalus 
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In the fatal cases in winch fluid obtained by lumbar punctuie is quite 
turbid or purulent the leukocyte count may be as high as 35,000 to 55,000, 
while in other fatal cases with a thick, turbid fluid obtained by lumbar 
puncture it will not exceed 23,000 Patients who have recovered showed a 
leukocyte count varying from 14,000 to 28,000, wheieas during the course 
the count may have mounted as high as 45,000 even on the ti\ enty-first day 
of the disease Therefoie, it can not be said that the prognosis as to a fatal 
issue can be made by means of the leukocji;e count alone 

Kidneys — In many cases there are evidences of a mild form of parenchy- 
matous nephritis There may be slight traces of albumin and a few casts 
In some instances at the outset there is blood m the urine, with casts and 
albumin These were patients m whom the petechiie were prominent In 
others, during the course there is polyuiia, a patient of fouiteen years of age 
voiding 60 ounces of urine m ti\ enty-four hours, but these are uncommon 
In a large percentage there are no symptoms referable to the kidneys 

Convulsions — Convulsions are especially frequent at the onset, par- 
ticularly m children As a lule, they are not so frequent as in disease of 
the convexity of the brain alone oi m leptomeningitis from various causes 
In children the convulsions are not often repeated after the initial stage 
Convulsions occurring m the course are of seiious moment and point either 
to distension of the lateral ventricles of the brain oi to pressure of fluid m 
the subarachnoid space both at the base and convexity 

Convulsions may supervene in patients who have run an ordinarily severe 
course and are apparently on the nay to recoveiy The tempeiature has 
begun to attempt to fall and is low The pulse may be slow and then become 
rapid The pupils may be dilated and there is a stupor In these theie may 
be signs of fluid m the ventricles Convulsions m these patients are re- 
peated daily and should warn us to intervene before a fatal issue In such a 
patient seen recentiv there iiere all the signs of supervening hydrocephalus, 
and convulsions occurred daily After lumbar puncture, the convulsions 
ceased and improvement i\as rapid Rtgors of a severe tvpe may occur m 
the course of cases of an acute type In such the exudate is slightly or 
maikedly purulent 

Kernig’s Sign — ^This is probably the most discussed svmptom oi sign 
in connection "with meningitis of recent times Kemig, a physician of St 
Petersburg, first described it in 1882 and published his lesults m 1884 He 
obsened it m various forms of meningitis and confirmed the diagnosis at 
autopsj The sign consists in an inability to eVtend the leg fully when the 
thigh IS placed at right angles to the trunk Kernig observed this sign when 
he attempted to set the patient at the edge of the bed and stiaighten the legs 
He noticed that this was impossible, and following up his observation he 
found that this was the case in all forms of meningitis Osier simplified the 
sign very much by showing that it may be elicited with the patient m the 
lecumbent posture by placing the thigh at right angles to the trunk and then 
attempting to extend the leg on the tlugli Kernig not only found this sign 
in meningitis and considered it pathognomonic, but he observed it m the 
convalescence from the disease wdien the patient was up and v alking about 
These obseivations have been confirmed with reservations Kernig’s 
sign is not pathognomonic of meningitis any more than rigidity of the neck 
It is, however, very valuable and completes the picture of the disease It 
IS present in diseases of the most diverse nature where cerebral symptoms 
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are present and toxajmia is great The writei has seen it lepeatedly in pneu- 
monia with memngism in children and it has been obsen ed in adults in 
some diseases, such as typhoid fever 

It IS important to recognize ivliat is and what is not the Keinig sign, 
especially m meningitis In some cases an attempt to straighten the leo' on 
the thigh vdl be resisted at an angle of 135° and m others at an angle of 90° 
It IS therefore but fan to Kernig to include his sign between these two vaiia- 
tions Unfortunately this sign may be absent in malignant forms of cerebro- 
spinal meningitis, especially in those u itli collapse symptoms, m which the 
patient a day or two after the onset is seized with a chill and goes into a 
condition of complete collapse, due, perhaps, to increase of fluid in the ven- 
tricles In these patients the Kcmig sign may be absent, although it may 
reappear on a subsequent day It maybe absent at the onset of an ordinary 
attack and appear after the disease has lasted a day or ti> o It is present in 
the ma]ority of cases at some time m the course As has been intimated, 
it may not be present at critical periods 

When Kermg’s sign is present and an attempt is made to straighten the 
limb against resistance, there is intense pain, and a simulation of theBabinski 
reflex occurs at the time of the attempt to straighten the leg on the thigh 
against this resistance The writer has seen no mention of tins fact elsev here 

During convalescence ivlien the temperature remains normal for a variable 
length of time, the Kernig sign gradually loses its intensity, and as conval- 
escence IS established, as a rule, it completely disappears Keinig’s excep- 
tional cases occurring during convalescence, when the patient was walking 
about, may be explained by the fact that these patients still had meningitis 
but 111 an unrecognizable form 

The cause of Keinig’s sign has been a matter of mu eh discussion Roglet 
submits tv 0 causes First, that it may be due to intraventricular pressure 
This theory is supported by the fact, which the writer has confirmed, that 
the Keinig sign is not as marked after as before lumbar puncture On 
the othei hand, excessive ventiiculai pressure has, in the cases of collapse 
above mentioned, resulted in an entire disappearance of the sign This 
causal agency, therefore, does not explain the sign completely Another 
explanation is that the posterior spinal nerve roots are in a constant state of 
irritability and that, there is, therefore, persistent tonic shortening of the 
muscular fiber winch cannot completely straighten, and, hence, A\hen an 
attempt is made to do so there is resistance When the irritation of the 
posterioi roots disappears the Kernig sign disappears 

As has been intimated, the Keinig sign is present m other forms of menin- 
gitis, but in tuberculous meningitis, especially m children, its presence is not 
so constant and m the cases studied by the v riter it was absent in fully one- 
thiid It IS not to be relied on in very young infants in whom there is a mus- 
cular tonicity of both upper and lower extremities which is normal and 
becomes exaggerated on the onset of the least illness Its occurrence m 
children below two years of age is variable for reasons which the writer can- 
not explain 

Babinski Reflex — ^This was first studied m connection with chronic 
disease of the p^Tamidal tracts and lateral columns of the spinal cord It 
IS inconstant as a sjTnptom of cerebrospinal meningitis, ha%nng been present 
m onh 4 out of 25 cases, v hereas ir/ tuberculous cases its presence is more 
frequent, being absent in only 6 of 26 cases Therefore, though it may not 
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be of value as a positive sign, its absence may be considered in the decision 

as to the nature of a meningitis , , , a 

The Reflexes — In the majority of cases the skin and tendon lenexes are 
present in the early stages of the disease, but are apt to disappear m the 
rapidly malignant and fatal type, and in moribund cases 

Hypersesthesia and Mental Irritability —Very frequently, after the 
symptoms have set in, the jiatients are irritable, refuse to be comfoited, start 
at the least sound, and he on the side, this being most comfortable on account 
of the flexion of the aims, legs and trunk Any attempt to disturb the patient 
IS met with resistance This is in marked contrast with other forms, espe- 
cially the tuberculous, in uhich reaction to irritation is lather exceptional 
Tache Cerebrate —This is present m all the forms of cerebrospinal menin- 
gitis seen by the u liter, both at the outset and m the course, but its value, 
especially m children, is rather lessened by the fact that it is present in most 
conditions in children in winch the nervous system is affected by toxiemia 
and bacterial invasion 

Facial Paresis — This is present m those forms, both m adults and m 
children, in u Inch either at the outset or in the course the exudate and pres- 
suie symptoms are most pronounced at the base of the biain During the 
epidemic of 1904^1905 these were not uncommon and simulated tuberculous 
meningitis uitli the exception that in the latter disease paieses are apt to 
supervene late in the affection, uhereas m epidemic ceiebrospinal meningitis 
paieses may supervene early in the couise 
The grave significance of the facial paresis or paralysis in tuberculous 
meningitis cannot be applied to epidemic cerebrospinal meningitis, for they 
may disappear in the latter affection with convalescence 

Rigidity of the Neck — Great stress has been laid on the presence oi 
absence of rigidity of the neck both in adults and children as a pathogno- 
monic sign 111 cerebrospinal meningitis In those patients m whom the onset 
IS foudroyant and in whom collapse occurs at the outset, neck rigidity, as u ell 
as Kernig’s sign, may be absent If the patient lives long enough to wnth- 
stand the shock of the onset the rigidity may appear later with the ICernig 
sign As a rule, neck rigidity is piesent m most cases either of mild oi of 
marked seventy, and u itli it there is mild or marked opisthotonos It is m 
the posterior basic forms in young children that the ngidity and opisthotonos 
leacli the height of development Accoiding to Osier, rigidity of the neck is 
not usually piesent m the pneumococcus meningitis, but the writer has seen 
one patient in whom rigidity was present wuth opisthotonos The rigidity 
and opisthotonos are so marked eitliei early or in the course of the dfsease 
that any attempt to straighten the neck of the patient not only meets with 
Ksistance but causes pain If at tins time we obsen^e the pupils we Mill 
see evidence of irritation, possibly of the sympathetic, as shoM n by marked 
dilatation of the pupils Mydiiasis nhich supervenes in any attempt to 
straighten the head, is a most valuable sign that the neck rigidity is due to 
11 ntation of the cervical nen e roots and thereby also the sympathetic libers 
Tins m^ driasis is useful in difieientiating rigidity of tins kind from that 
Minch Me so frequently find m gastro-enteritis and pneumonia in children 
Macewan’s Si^ — Maceu'an has pointed out that m various forms of 
meningitis m children, especially of the tuberculous type, we obtain a hollow 
note on percussion over the antenor horn of the ventricle That is if the 
patient is caused to assume the upright position Math the head inclmed to one 
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side, percussion of the inferior frontal or parietal bone will give a tjnnpanitie 
note This more frequently obtains in tuberculous meningitis than m epi- 
demic cerebrospinal meningitis 

In those cases of epidemic cerebrospinal meningitis in which hydro- 
cephalus supervenes, both in younger and older children, the author has 
found that this hollow note is a very important guide to the presence of fluid 
in the ventricle In cases of chronic hydrocephalus vith increase of fluid in 
the ventricles a marked Macewan sign is always present In a child below 
two years of age if there is marked rachitis a tympanitic note may be obtained 
in the manner described, such cases must be excluded in eliciting this sign 
m the study of cerebrospinal meningitis 

Lumbar Puncture — The fluid obtained by lumbar puncture has been 
variously described and an attempt made to trace the connection between its 
physical characteristics and the course, duration and prognosis of the disease 
The writer cannot agree with those views which take the physical charactei- 
istics of the puncture fluid as support for any of these data At the outset the 
fluid may be quite turbid and purulent and the patients make a good 
recovery The fluid at this time may be quite clear and the ultimate result 
]ust the contrary A fluid which has been turbid at first may clear up sub- 
sequently, become quite clear, and after a week or two may agam become 
turbid An attempt has been made to explain the turbidity by remvasion 
and regeneration of the microorganism It certainly demonstrates a di- 
minished resistance of the body to the invasion of the disease In chronic 
or subacute cases of long duration, especially in children, the fluid finally 
becomes clear, and may be devoid of microorganisms or contain them in such 
sparse numbers as to be discovered only by the most painstaking measures 
A culture from the subarachnoid fluid often gives a negative result and the 
fluid from the ventricles of the brain may contain diplococci 

The cytology of the fluid obtained by lumbar punctuie is of great interest 
It shovs a preponderance of polynuclear leukocytes in a great majority of 
cases, the mononuclear leukocytes being present but in much diminished 
numbers In a few cases seen by the writei, however, there were mono- 
nuclear elements piesent to a prepondeiating degree (Plate XXII ) These 
are cases which have lasted some time and in which the disease has come to a 
standstill so far as active inflammatory processes are concerned, as seen espe- 
cially in the chronic posterioi basic cases, in which hydrocephalus has super- 
vened Here the mononuclear cells predominate as in tuberculous meningitis 

Bendix explains this variation by the fact that m chronic cases there is no 
longer an exudate but a transudate, and the course of the disease seems to 
substantiate this Therefore, in acute cases a pieponderance of polynuclear 
leukocytes in the puncture fluid is strong presumptive evidence against 
tuberculous meningitis 

In the puncture fluid we find the Dxplococcus meningitidis iniracelhdans 
in the poljmuclear leukocytes It is situated mostly in the cells, m some 
instances seeming to pack the cell quite full, and m very rare cases it is found 
outside the cell body In one case it v as found m tv o successful punctures, 
then it vas absent, vhile in the fourth puncture fluid it was present Its 
presence or absence in the puncture fluid may not have any connection Avhaf- 
ever with the clinical course, but be rather a matter of filtering through the 
fibrinous exudate The wnter has found the diplococcus a few hours after 
the onset and as late as the fifteenth week In cases Avhich have lasted over 
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Cover-glass Stain of the Sedimented. Fluid Obtained by Lumbar 
Puncture in Epidemic Cerebrospinal Meningitis 
Polymorphonuclear cytology , -vacuolization of the leuhocytes and lympho- 
cytes , peculiar eonfo-mation of the nuc’ei in cells , large cells resembling lym- 
phocytes, Diplococcus meningitidis in the cell body of the leukocytes and also 
outside of the cell bodies in smaller numbers Jena stain 
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a few months it frequently disappears from the puncture fluid and is very 
difficult to demonstrate either by culture or cover-glass spread 

It may not be devoid of interest to note that in those cases in which the 
puncture fluid does not contain the diplococci or tubercle bacilli we may con- 
clude rather in favor of the epidemic than the tuberculous type The writer’s 
experience father substantiates the view that the presence of tubercle bacilli 
in the puncture fluid of tuberculous meningitis is quite constant and their 
detection depends very much upon patience and technique In 14 cases 
diagnosed as tuberculous meningitis clinically, tubercle bacilli were found in 
13 The search m some cases was quite prolonged and repeated, but they 
were present nevertheless In tuberculous cases they are more abundant m 
the fluid removed after death, because it seems that the natural wave 
fluctuation present m the subarachnoid fluid during life tends to evenly dis- 
tribute the bacilli through the subarachnoid space, whereas after death, 
sedimentation occurs 

In addition we find m the puncture fluid of epidemic cerebrospinal menin- 
gitis, mononuclear lymphocytes, with large nuclei, and a thin pale staining 
zone of cell body Vacuolization of the leukocytes is not uncommon In the 
polynuclear leukocytes the nuclei are irregular in shape and m various stages 
of division 

Complications — ^These vary as to frequency and seventy in different 
epidemics In some epidemics, complications are rare, such as those con- 
nected with the eye, the ear, the skin, the joints, the lungs, the heart and the 
pericardium In other epidemics these complications are quite frequent 
This accounts for the variations m the descriptions of the disease 
The Eye — In those patients who have recovered in the epidemics seen by 
the writer there have been few instances of blindness or severe, irreparable 
injury to the eyesight In fatal cases, however, there have been a few in 
which panophthalmitis, with destruction of the globe, resulted 

The Ear —Otitis m its various forms is a very frequent complication In 
fact, m certain forms of the affection, especially m young children, English 
observers ha\ e advised early puncture of the drum even with slight symptoms 
of myringitis as a possible measure of relief The otitis may be catarrhal or 
purulent and with or without mastoid complication, the latter being infre- 
quent Otitis IS always secondary in cerebrospinal meningitis and there is 
no authentic case on record m which the infection began in the ear and from 
this spread to the meninges The contrary is always true— the ear infections 
seems to be in direct extension from the brain, or an independent infection 
from the nose and throat In quite a number of patients at the very outset or 
m the course, deafness supervenes without any lesion of the middle ear In 
those there seems to be an affection of the auditory nerve apparatus Some 
of these may improve m time, others remain permanently deaf 

The Skin — Skin eruptions may scarcely be considered as complications, 
though subcutaneous abscesses have been mentioned in various epidemics 
In some of these subcutaneous abscesses the diplococcus has been found 
Pencarditis —Pericarditis seems to have been a complication in the fatal 
cases in the epidemic of 1904r-1905 This may run its course and without any 
physical signs, even although these be searched for In pericarditis few 
adhesions are found and the amount of effusion does not seem to be large 
This V ould account m part for the fact that its diagnosis is difficult 

101 , 2—33 
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Pneumonia — ^Pneumonia is not an uncommon complication It may be 
caused by the Dtplococciis tniracelhdaris or by the pneumococcus The 
course of the disease is severer than m uncomplicated cases The presence of 
pneumonia means a fatal issue and the same may be said of pericarditis In 
an epidemic, however, there are many cases of pneumonia which strongly 
simulate cerebrospinal meningitis and we should be extremely cautious m con- 
cluding that both are present Sometimes it is almost an impossibility to 
come to a conclusion without lumbar puncture We should not be too 
anxious to verify our suspicions in the presence of clinical symptoms ivhich 
are not critical 

Joint Complications — Councilman mentions the occurrence of arthritis 
and shows that it has been carefully observed by early writers, North, Welch, 
Jackson and Warren, at the beginning of the last century Councilman, 
Mallory and Wright record 6 cases among 111 m the Boston epidemic 
Osier has described arthritis complicating cerebrospinal fever and gives 
records of 2 cases in adults in which the wrists, hands, elbo ,vs, knees and 
other large and small joints, including the hip, were affected The skin of 
the joints becomes red, brawny and diffusely erythematous for several inches 
above and below the affected joints Over one knee which was affected there 
were purplish blotches The pus withdrawn from one joint showed the 
meningococcus, and in 1 case at least the arthiitis seemed to be a sequence of 
a species of meningococcus septicmmia, inasmuch as the meningococcus was 
isolated from the blood during life This is the first case on record in which 
the meningococcus was found circulating m the blood in the living subject 
The joint manifestations may be among the first symptoms of the disease 

During the epidemics of 1904 and 1905 in New York the writer saw several 
cases of joint affection, and in one similar to that of Osier the arthritis seemed 
to be one of the first symptoms In the cases m children the arthritis never 
resulted in suppuration The symptoms resembled more a mild attack of 
articular rheumatism, yielding promptly to ordinary treatment In Osier’s 
case, however, the joint affections were more serious and were a manifestation 
of general sepsis, 1 patient died, the other, having begun with arthritis and 
fever, developed paraplegia and other serious symptoms Joint affections 
in the course of cerebrospinal meningitis seem to be rather uncommon and 
to vary very much as to frequency and severity in different epidemics 

Hydrocephalus — Among the interesting conditions met with m convales- 
cence are those in which, the disease having run a moderately severe or mild 
course, the temperature having been normal for days and the patient appar- 
ently doing well, the mental condition becomes clouded It is noticed that 
such patients no longer give attention to %/hat is said to them and do not ask 
for nourishment The pulse, having been slow, becomes slightly more fre- 
quent, the temperature may rise from subnormal, the pupils become dilated, 
there is a stupid stare, and the patients sleep most of the time Percussion 
over the site of the horn of the ventricle as described by Macewen gives a 
hollow tympanitic note early in the condition In such cases an accumula- 
tion has taken place m the ventricles of the brain and hydrocephalus has 
supervened When this is relieved by lumbar puncture the patients seem to 
rouse themselves, the pupils return to normal size, the intelligence is 
awakened, as it v ere, but relapse may occur after several days, necessitating 
further interference Such patients may make a good recovery, pass into a 
state of chronic hydrocephalus with idiocy, or a sudden fatal termination 
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may occur In many of these patients there are intervening convulsions 
which cease on the relief of mtraventiicular pressure by lumbar puncture 
Age and Occurrence — ^Prior to the year 1904 the -writer had yearly 8 
to 10 cases of cerebrospinal meningitis in his hospital service These 
occurred independently of any epidemic In the years 1904 and 1905, New 
York was visited by an epidemic of this disease and he is able to collect 119 
cases, occurring in one hospital, both m children and in adults The inci- 
dence as to age is as follows Under one year, 25 cases, one to two years, 13 
cases, two to four years, 17 cases, four to ten years, 32 cases, ten to fifteen 
years, 12 cases, fifteen to twenty years, 7 cases, twenty to twenty-five years, 
1 case, twenty-five to thirty-five years, 4 cases, thirty-five to fifty years, 6 
cases, and filty to si\ty years, 2 cases The greatest frequency, in the 
author’s mateiial, has been m children below two years of age This differs 
somewhat from Councilman’s experience in Boston, in which the greatest 
frequency was at the ages of twenty-six and thirty years The discrepancy 
may be accounted for in part by the fact of the difference m material What- 
ever differences there may be in the statistics, it can be seen at a glance that 
the period between four and fifteen years of age, in which these statistics show 
31 cases, is a frequent age of incidence Between twenty and twenty-five 
years we had only 1 case After the age of forty the disease is infrequent 
This coiresponds to most of the statistics available The assertion of 
Councilman that the disease is rare under one year of age is not borne out 
by these statistics 

The mortality is greatest below one year of age The youngest infant m 
these statistics was aged four months Of the children below one year of 
age there were 27, among whom 20 died and in 3 the result was doubtful 
because they were discharged from the hospital in a condition of chronic 
hydrocephalus These might very well be counted among the fatal cases 
inasmuch as there was veiy little hope of their recovery Thus, in 27 cases 
below one year of age fully 23 either died or were discharged unimproved 

Betu een the ages of one and two years there were 13 cases, of which 9 died 
Between two and four years there ivere 17 cases, of which 7 died Between 
four and ten years there veie 32 cases, of which 9 died Between ten and 
fifteen years there were 12 cases, of which 6 died In the years in vliich 
sporadic cases occurred there was a percentage mortality of 44 per cent , and 
in the epidemic years of 1904 and 1905 in the cases below fifteen years of age 
there vas a combined moitahty of 48 per cent Among adults the greatest 
mortality seemed to fall between the ages of thirty-five and fifty years, in 
which period not a patient v as saved in the hospital Between the ages of 
fifteen and twenty 3 ears there v ere 7 cases with a mortality of 5 The'^mor- 
tahty from tv enty to sixty years w'as 12 out of 14 cases The mortality 
seemed to be greatest, therefore, at the extremes of life,— between the ages 
of one and tv o j^ears and betv een thirtj'-five and sixty years 

Epidemic cerebrospinal meningitis is a disease of infancy, childhood and 
adolescence Its frequency diminishes after the twentieth year Of a total of 
120 cases, both among infants, children and adults, it would be unfair to esti- 
mate a general mortality, inasmuch as it lias been seen the mortality varies at 
different periods of life Of the total of 32 cases betii een the age of four and 
ten years there was a mortality of 9, or 28 per cent In statistics which have 
preceded this ai tide the greatest mortality in some epidemics has been 90 per 
cent , in others as Ion as 25 per cent Thus, m judging of the efficacy of any 
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mode of treatment we have to reckon with the character and virulence of the 
epidemic and its mortality at various ages of life 

Diagnosis — The diagnosis would seem to be quite a simple matter in the 
majority of cases,' and such it is The only other diseases which very closely 
simulate this affection are pneumonia, the cerebral forms of typhoid fever, 
and other forms of meningitis 

In epidemic cerebrospinal meningitis the onset is sudden in the vast 
majority The patient is in apparent health when attacked with illness 
The onset is with fever, headache and vomiting In children convulsions 
are not uncommon In the course of an epidemic an adult will suddenly be 
taken on the street, fall prostrated and unconscious, or he may complain of 
slight preceding headache and then become unconscious or have convulsions 
In these cases the diagnosis is clear In children, however, the onset 
occurring as it does in a great number of cases with symptoms referable to the 
gastro-intestmal tract, such as vomiting, diarrhoea, fever and abdominal 
pain, is not so suggestive Conditions simulating very closely a mild attack 
of gastritis, which in twenty-four hours pass into a condition of collapse with- 
out any previous warning, are confusing The pallor and the shock of the 
collapsed condition seem remarkable in view of the fact that the child mg^y 
have been playing a few minutes previously In such cases there are always 
evidences of some systemic infection and we must look for signs of the 
disease elsewhere In a great many of these so-called foudroyant cases v e 
find a few purpuric spots, which are telltale signs In these cases there is 
nothing to aid in the diagnosis The disease may have been of sudden onset 
with symptoms of gastro-enteritis and without rigidity or Kernig’s sign to 
aid in the recognition 

The cerebral symptoms in some forms of typhoid fever which have their 
onset m an acute, abrupt manner have to be considered The history is 
important and examination of the blood both for the Widal reaction and for ' 
the presence or absence of leukocytosis will aid m the diagnosis An enlarged 
spleen may be present in cerebrospinal meningitis as well as in typhoid fever 

Cerebrospinal meningitis may be confounded with an ordinary attack of 
influenza or otitis The ears should always be examined in doubtful cases 
or in unconscious patients with an unsatisfactory clinical history 

This form may be confounded with tuberculous meningitis or vith that 
due to other causes The pneumococcus meningitis may resemble it, 
although meningitis due to ear trouble fails to simulate the epidemic form in 
some of its most salient features, such as the onset, rigidity and opisthotonos 
Some forms of streptococcus meningitis run their course without revealing 
any symptoms referable to the cerebrum until near the close, v hen a subdural 
collection of pus and a localized meningitis may become general In such 
cases there is usually a history of previous ear trouble 

The tuberculous form may, in exceptional cases, simulate epidemic cere- 
brospinal meningitis In tuberculous meningitis the onset is usually in- 
sidious There is a prodromal period of at least a week or two in which the 
patient complains of indefinite malaise and in which symptoms are cumula- 
tixe up to a certain period, after which they become pronounced The 
leukocji;es in tuberculous meningitis rarely mount above 20,000 to the cmm 
except in the pre-mortal stage, whereas in epidemic cerebrospinal meningitis 
they are higher In tuberculous meningitis the absence of reaction on the 
part of the patient to interference, the absence of hyperiesthesia, of neck 
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rigidity, as seen in cerebrospinal meningitis, of opisthotonos, both in children 
and in adults, aid in coming to a definite conclusion The pareses seen in 
tuberculous meningitis referable to the affection of the cranial nerves at the 
base of the brain come on, as a rule, late in the affection, n hereas in cerebro- 
spinal meningitis they may be present at the onset or during the course An 
examination of the fundus ocuh may reveal choroid tubercles 

The whole mental picture m tuberculous meningitis is of the asthenic type, 
whereas it is of the sthenic type m the epidemic cerebrospinal form 

Treatment — The treatment of cerebrospinal meningitis in the past 
proves to the mind of the writer the futility of drugs The disease is a self- 
limited one, much like pneumonia, its duration practically uninfluenced by 
any mode of treatment, the patients recoxermg with or without complications 
independently of the effects of any known drug 

Modern treatment has been directed primarily toward an attempt to find 
a specific, which has failed There is no serum as yet which will aid us in con- 
quering the affection This is, in a measure, due to the fact that the meningo- 
coccus does not generate toxins such as those of the bacillus of diphtheria 
In the absence of any specific, the treatment is palliative and directed first 
toward the relief of the symptoms, such as pain, delirium, and fever, and to 
supporting nutrition 

It may be said that the reported success of certain remedies m particular 
epidemics is due to the mildness of those epidemics We have nothing to cut 
short the disease There is no drug, given early in the affection, which can 
abort it Iodide of potassium given to tolerance has been administered but 
it IS questionable whether it has any value The pain and headache cannot 
be successfully relieved by any known remedy in every patient Morphine 
seems to be directly harmful m the majority It does not relieve the pain and 
• in some cases makes them more restless than before Bromide of potassium 
and chloral hydrate seem to be the only remedies which have given any 
relief so far as pain and headache are concerned Veronal and pyramidon 
have been tried to allay the delirium, restlessness, and pain, with indifferent 
results In fact in some cases the administration of these drugs appeared to 
be direetly injurious 

The only measure which seems to relieve the vast majority, if it can be 
applied, IS the hot bath This was proposed by Concetti and has been tried 
by the writer for years with excellent results m relieving the restlessness and 
pain, and to a certain degree abating the fever Patients can tolerate two 
full baths m the twxnty-four hours, of a temperature of 107° to 110° F for 
five or ten minutes After such a bath the patients are not so restless and fall 
asleep for an hour or twm, during w'hich time there may be a pronounced 
perspiration 

The one modern measure w'hich has raised hopes, only to cause disap- 
pointment, is lumbar puncture The method of making lumbar puncture 
is that follow'ed by Quincke The patient is placed on the side and the 
puncture made between the fourth and fifth or third and fourth, lumbar 
vertebrie The skin should be thoroughly cleaned and the needle boiled 
In the adult the needle is entered 1 cm to one side of the median line so as to 
pass bet^\een the laminae, in the child the puncture is made directly in the 
median line Adults, if restless, should be given chloroform but wuth 
children this is not necessary The procedure can scarcely be said to be pain- 
ful, although with these patients, being hjqierassthetic, the least touch gi\es 
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pain Before the needle is entered, the spine is curved, the knees being held 
drawn up against the abdomen and the shoulders inclined toward the knees 
In this way the spinous processes of the vertebrie become prominent and m 
children reveal the exact spot in which the needle should be entered, while in 
adults it places the ligaments on the stretch and allows the needle to pass 
more easily between the laminae In acute cases iv e may draw off from 30 to 
50 cc of fluid, according to the amount of tension or the turbidity of the fluid 
If the fluid IS very turbid the more drawn off the better as a matter of 
mechanical drainage If the fluid is not so turbid we may repeat the puncture 
at some future day, and it is wise not to take more than 50 cc at one sitting 
It has been proposed by Dana, in order to avoid the headache which 
follows puncture for a short time, to reinject a sterile serum The wiiter 
advises against this m view of the fact that a sterile serum is very difficult to 
obtain and an imperfectly sterile serum is apt to do injury In various 
epidemics, especially those m Spam, it has been proposed to inject drugs, 
such as the cyanide of mercury, or lysol in solutions of varying strength, into 
the subarachnoid space after a certain amount of fluid has been Avithdrawn 
The V riter has tried this method, especially v ith lysol solution, ^ to 1 percent 
or even stronger, and feels that it has not done any good, if it has not done 
harm The simple injection of any fluid after withdrawal of the primary 
fluid would seem to be a severe test on the pressure conditions m the general 
nervous system and might be harmful The good results which have been 
reported in various directions from the injection of lysol and drugs of all kinds 
must be looked on with great doubt, inasmuch as m every epidemic we see 
marvelous results not only with simple lumbar puncture, but sometimes 
when absolutely nothing has been done 
Indications for Puncture — Clinicians have not, as yet, come to any 
definite conclusion as to the utility of, and indications for, lumbar puncture 
It certainly seems to be indicated in those cases of sudden onset with symp- 
toms of complete collapse In these the collapse seems to be due to intra- 
ventricular pressure and for this lumbar puncture is a relief measure of the 
highest utility, inasmuch as such pressure is very dangerous When lumbar 
puncture is made twenty-four hours after the onset, after such a penod of col- 
lapse as has been described, the fluid sometimes spurts seveial feet In such 
cases the relief of the intraventricular pressure is really a life-saMng procedure 
Lumbar puncture seems to be indicated also in those cases where headache 
and delirium are excessive The patient complains constantly of headache, 
has retraction of the head, opisthotonos and high fever In such cases the 
intraventricular pressure seems to be great In those cases in which, during 
convalescence, the patient suddenly develops symptoms of hydrocephalus, 
such as convulsions and stupor, dilatation of the pupils and subnormal tem- 
perature followed by a slight rise, and slow pulse follov ed by an increased 
rate, puncture should be done immediately and repeated at short intervals 
until the symptoms of hydrocephalus disappear 

In memngitis, the flrst result of intracranial pressure is an aeute, subacute, 
or chronic distension of the ventricles of the brain with fluid, and it is the 
early detection of this fluid which gives the absolute indication to relieve dis- 
tension by lumbar puncture The mode of detecting acute hydrocephalus, 
whether caused by acute distension of the ventricles on the first day of a 
cerebrospinal meningitis, or dunng the slow, insidious onset of a tubeiculous 
meningitis, is by percussion of the skull, as described elsewhere in this article 
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The writer considers percussion of the skull the only definite means of 
determining whether there is an increase of fluid in the ventricles or the sub- 
arachnoid space causing pressure effects, and therefore demanding immediate 
relief There are cases of cerebrospinal meningitis with marked cerebral 
symptoms, in n hich puncture is scarcely indicated, because, though delirium, 
headache, hypenesthesia, and sopor are present, we cannot demonstrate 
that there is any increase of fluid in the subarachnoid space and ventricles 
of the brain, therefore, lumbar puncture would not relieve pressure oi 
symptoms 

The early idea of utilizing lumbar puncture as a method of drainage, by 
which a certain amount of purulent or suppurative fluid is removed from the 
inflamed district, seems a rather unscientific mode of treatment of meningitis 
of the meningococcus type This disease is self-limited, and the physician 
should be ready to tide over critical periods, such as occur ivhen intracranial 
pressure becomes extreme 

It maj be asked how are we to know whether repeatea puncture is neces- 
sary in a given patient ? If, after lumbar puncture, there is an improvement 
in the headache and the patient becomes rational, we may wait a few days to 
see whether the previous symptoms return, or whether the patient continues 
to improve Following this plan, after a puncture the objective sjnnptoms 
may improve as well as the subjective ones, but the tympanitic note continues 
ovei the ventricle It the patient is to improve, this tympanitic note gradually 
disappears, the symptoms improve, and in convalescence w'e no longer get 
signs of fluid in the ventricles If the patient continues after a slight remis- 
sion with the symptoms he had before puncture, w'e find that not only do the 
percussion signs of hydrocephalus continue, but there is a deepening of the 
objective symptoms, such as sopor, hypenesthesia and rigidity, w’hich gives 
the indication for a second puncture within twenty-four or forty-eight hours 
or more after the original puncture 

In this ivay w e can do no harm if w e are certain there is an excess of fluid 
m the ventricles But, having relieved an acute hydrocephalus, if there is no 
return of sjmiptoms, there is certainly nothing to be gamed by a routine con- 
tinuance of puncture in the face of improvement of the patient 

More difficult to treat are those cases xvbich, in spite of repeated punc- 
ture, continue not only w itli the original symptoms of hydrocephalus, due 
to the re-accumulation of fluid, but in some, as wm continue to punc- 
ture, the amount of fluid obtained diminishes wnth a diminution of the 
pressure, and we may attain to a point w^here there is little or no pressure 
at all as the fluid flows from the cannula These are hopeless, because 
there is matting together of the parts at the base of the brain by exudate 
and a blocking up of the canals of Magendie and Mierjew'ski, preventing 
the fluid from the interior of the brain flowing into the subarachnoid space, 
thus into the subdural space of the cord, and externally Lumbar punc- 
tuie then fails to obtain the therapeutic end that we seek, not only the 
relief of the patient but the cure of the disease 

Patients wnth posterior basic meningitis, w’hen the diagnosis is once estab- 
lished, should be treated energetically by repeated lumbar puncture, because 
the continuance of pressure in the subarachnoid space is directli’' detri- 
mental and results inevitably in hydrocephalus or dilatation of the ventricles 

If lumbar puncture is carried out on the lines indicated aboxe it is a 
humane and in some respects hfe-saving measure, but it must not be for- 
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gotten that we may carry a large number of patients with cerebrospinal men- 
ingitis through to recovery without lumbar puncture or with one primary 
puncture 

Nutntion — One of the mam effects noticed is that the geneial nutrition 
suffers from the very onset The intense toxaemia, the fever, the delirium, 
the effects of the toxins and bacteria on the general nervous system, cause 
a rapid progressive emaciation This is evident almost from the onset, and 
if the disease has lasted for a week the patient is seen to have palpably lost 
in weight A patient in the condition of unconsciousness and delirium can 
be fed only at irregular intervals and this in short periods of time If uncon- 
scious it IS sometimes necessary to feed by gavage, which as a rule, is per- 
formed three times during the twenty-four hours In this way enough 
nourishment can be given to the patient to maintain nutrition Rectal 
alimentation is of very little value The feeding will be still more difficult if 
there is vomiting, which usually does not seem to be caused by the ingestion 
of food, although food may be vomited when administered In spite of 
vomiting it is well to insist on the continuous administration of liquid foods 

If the patients are not unconscious, even though they have fever, we may 
give solid diet The tastes of the patient in this respect will guide the physi- 
cian, who must not be afraid to give the most diverse articles, such as eggs, 
milk, soups, chopped meats, toasted bread, and cereals of all kinds In 
children the appetite is especially capricious and unless we give the food in 
small quantities and at frequent intervals the patients literally starve them- 
selves In those cases the nurse must be ever ready with water, milk and 
soups in small quantities, in this way embracing every opportunity to main- 
tain nutrition A careful record should be kept of the amounts given, as a 
guide that the patient is properly fed and at the same time not overfed 

Fever — The fever requires very little treatment As a rule, the highest 
range of temperature lasts but an hour, sometimes even less, and theie is a 
natural fall m the temperature, so that no strenuous effort need be made to 
treat the fever directly 

During convalescence the patients are weak and complain of stiffness and 
pains in the extremities In such cases hot baths and judicious massage are 
particularly useful Rough handling is painful, a fact which should be 
impressed upon the nurse Gentle massage of the extremities once a day 
strengthens the patient and reduces the pain and stiffness in the muscles 
and joints 

The complications, such as those connected with the eye and ear, cannot, 
unfortunately, be relieved by any form of treatment known During con- 
valescence some patients, especially children, have a peculiar gait They are 
very unsteady and walk very much as do the subjects of M6ni^re’s disease 
This condition may improve and gradually disappear of its own accord It 
is seen especially in patients who are completely or partially deaf, and in 
whom there has been no affection of the middle ear The otologists hold out 
very little encouragement in these cases as to the ultimate return of heaiing, 
but hearing sometimes returns to a certain extent without any treatment In 
other cases the heanng seems to have been permanently lost 

The joint affections are treated on general principles If the joint is pain- 
ful and swollen it may be wrapped in cotton moistened with methyl salicylate, 
and salicylate "of sodium given If there is suppuiation of a joint surgical 
treatment is indicated 
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Posterior basic meningitis may be said to be the form which acute cerebro- 
spinal meningitis of the epidemic type takes in children below two yearn of 
age In these subjetts the peculiar conformation of the brain at the base 
seems to predispose to the development of this symptom complex It is not 
seen, as a rule, in older subjects, and for a time was thought to be a form of 
meningitis sut generis, due to various causes It is quite evident now, how- 
ever, from observations during epidemics of cerebrospinal meningitis and 
of sporadic cases, that the same etiological factor obtains as in older 
subjects, and that the youth of the subject, the susceptibility of the tissues, 
and possibly the conformation of the parts, tend to the development of cer- 


tain symptoms 

This peculiar form of meningitis was first described by Gee and Barloiv, 
m 1878 They described 25 cases, and the essential feature of all was “the 
holding back of the head ” In fact they called the disease cervical opisthot- 
onos They also laid stress on the fact that in otlier forms of meningitis and 
m tuberculous meningitis this peculiar sj'mptom of head retraction was only 
exceptional, whereas in this form of the disease it was a constant symptom 
In some of their cases the onset was gradual, m others sudden In those 
cases m which the onset was sudden the opisthotonos alone, or accompanied 
by fever, vomiting, and muscular rigidity, seemed to be characteristic The 
associated symptoms included rigidity of the limbs and convulsions during 
the course, ivhich w^as chronic and particularly fatal inasmuch as only 3 of 
their patients recovered 

Similar cases have been described by Carr, and Still called attention to this 
affection in 1898 in a report of the postmortem findings in 8 cases of the 49 
that he had collected In these 8 cases he discovered, either m the ventricles 
or in the fluid w ithdrawn from the subarachnoid space, the Diplococcus 
tntracelhdans of Weichselbaum, although at the time Still w^as not absolutely 
certain of the identity of his microorganism wuth that of Weichselbaum 
Nuttall subsequently proved the identity of the tivo organisms 

Morbid Anatoiny — ^The pathology has been clearly described by Lee 
and Bailow and by Still The inflammation seems to limit itself to the 


posterior part of the base of the brain as the primary seat of inflammation m 
most cases From this region the inflammation spreads down the cord to a 
varying degree, upivard along the line of the ventricles, and fonvard along 
the base as far as the optic commissure and tips of the tempero-sphenoidal 
lobes, or the inflammation may begin in the transverse fissure and choroid 
plexuses (Plate XXIII ) At an early stage the products of inflammation 
though circumscribed may be suppurative, later on they may become 
absorbed, but meningitis with adhesions results These adhesions may 
unite the cerebellum and medulla, obliterate the foramen of Magendie and 
the fourth ventricle This, it is thought, gives rise to fluid in the ventricle 
and consequent hydrocephalus 

In some the fluid found in the ventricles is clear, in others it contains flakes 
or fibrin and pus In the latter cases the ependjnna will be found to be 
thickened In one of the wnter’s cases the surface of the brain was pale and 
the convolutions were flattened and at the base was a small aniount of 
organized ^udate The floor of the fourth ventricle was bulging and ready 
to burst The foramen of Magendie was almost obliterated 
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In some of these cases the viscera are normal, m others the lungs are found 
collapsed The thymus may be enlarged and show symptoms ot congestion 
The lieart muscle may be pale and show parenchymatous changes The 
spleen may be slightly enlarged The liver may be fatty The stomach may 
shov a few hemorrhagic areas on the fundus and there may be enteritis m 
the intestine The mesenteric nodes of the intestine may be slightly enlarged 
In this form of meningitis there are few complications, whereas m 15 
cases of suppurative meningitis there were complications such as pleurisy or 
necrosis of the petrous portion of the temporal bone In some cases described 
by Still there was a mucopurulent secretion in the middle ear, but in none 
nas there evidence of mastoid disease or extension to the brain or meninges 
In some of those cases which are fatal within six weeks, postmoitem 
examination show s Ijnnph at the base of the brain and cord In those which 
die after three or four months there is hydrocephalus, with a thickening of the 
pia mater and arachnoid, with adhesions between the cerebellum and medulla 
and slight thickening of the pia covering the temporal or the temporo-sphe- 
noidal lobes The cord may present hemorrhages in the cervical, mid-dorsal 
and lumbar regions 

Dunng the epidemics of cerebrospinal meningitis of 1904 and 1905 the 
v riter has seen quite a number of children below two years of age in whom 
the disease took this peculiar form Of 8 cases of posterior basic menin- 
gitis occurring during the epidemic of 1904 the ages ranged from four months 
to three years, and 1 was five years of age The ages were four months, 
six months, nine months, three years, two years, and five years, respectively 
The history n as negative as regards syphilis or tuberculosis in all There 
may or may not be a history of previous ear trouble or exanthemata 
SjjTllptoins — ^The mode of onset, speaking only of cases below two years 
of age, which correspond accurately to the picture given by Gee, Barlow, 
and Still, was gradual in only 1 case In the others the onset was sudden 
The beginning of the disease may have simulated tonsillitis or an ordinary 
attack of gastro-enteritis, in that the child was taken nith fever, vomiting, 
then with convulsions in some cases, and these convulsions may have been 
repeated daily for some weeks After the disease had lasted for several days 
it was noticed that the head was retracted and the neck rigid In other cases 
after the initial fever and vomiting the child became stupid and then the 
mother noticed that the fever continued and that the child was blind In 
such cases the child may take nourishment or reject it by vomiting 
'When fully developed the picture of the disease is quite characteristic 
The children are somen hat emaciated, he quietly, seldom crying out, the head 
is letracted, there is more or less opisthotonos, the upper and lower limbs may 
be adducted, the forearm flexed on the arm and the thighs on the abdomen, 
and the fingers flexed In some cases they present the picture in the upper 
extremities seen in tetany — the so-called driving position of the hands In 
other cases the lower extremities are extended and cannot be flexed, although 
the upper extremities may be strongly flexed The foot may be strongly 
ex-tended on the leg and the toes on the plantar surface of the foot, in this way 
resembling tetany The body is bent backward, the head assuming an angle 
of nearly 90° n ith the spine At times this opisthotonos and tetany relax and 
the spastic phenomena are not so apparent (Plate XXW ) As soon as dis- 
turbed, lion ever, or if the surface of the back is rubbed, the patients assume 
the position of extreme opisthotonos In others, in addition, there is a ten- 
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dency to cross the legs In some there are purposeless movements of the 
upper extremities in a sort of arc in front of the face If the fontanelles are 
still open they bulge, and the sutures, in some cases in which hydrocephalus 
has supervened, are pressed apart by accumulation of fluid in the ventricles 
In some there are spasmodic contractions of the muscles of respiration to 
such extent as to cause a peculiar hissing sound in the larynx and extreme 
bulging of the thorax In other cases there is strabismus As a rule the 
heart, liver and spleen show no changes In all cases emaciation is extreme 
and the abdomen is retracted and rigid 

The temperature at first is raised two, three or four degrees above the 
normal After some time the temperature may fall to normal or for days range 
between normal and one degree above normal, in this n ay simulating tuber- 
culous meningitis In others, aftersome weeks, without any appaientcause the 
temperature will mount from normal to 106° F or over, and then fall to nor- 
mal or subnormal daily, to rise again These great excursions of tempeia- 
ture do not last very long and seem to be due possibly to cerebral pressure, 
for after puncture there is not any exacerbation of infection in the form of a 
new accession of diplococci m the puncture fluid On the contrary, in those 
cases the fluid was sterile 

The condition of the fundus of the eye is interesting In most patients 
below two years of age there is no change in the fundus, no neuritis, contrary 
to nliat is seen in tubeiculous cases m the majority of which there is change 
in the fundus In all cases seen by the writer there was disturbance of the 
circulation, such as tdclie c6r6biale or evanescent erythema due to vasomotor 

f iaresis Kernig’s sign is of very little value for the reason that the patients 
le in the spastic or flexed position and the thighs cannot be flexed on the 
abdomen The so-called Babinski reflex is absent m most of these cases 
The Blood — In most cases there is a leukocytosis ranging from 14,000 to 
30,000 In many cases, how ever, the leukocytes may not mount above 10,000 
to 14,000, in tins ivay simulating tuberculous meningitis very closelj' 

Of special inteiest is the character of the fluid obtained by lumbar 
puncture In many chronic cases it is not possible to obtain fluid by lumbar 
puncture, inasmuch as the canal of Magendie may be closed by adhesions 
In those in w inch fluid is obtained it is found to be sterile m some instances, 
while m others it contains the Diplococcits int) acellulaiis Although in most 
cases the diplococcus may be found at the outset of the disease, latei on it 
seems to disappear from the fluid or be present in very small numbers 
Although the fluid may show' a preponderance of polynuclear leukocytes, 
later on w hen hydrocephalus supervenes mononuclear leukocytes may pre- 
dominate 


The cause of hydrocephalus in posterior basic meningitis has been the 
subject of much discussion It has been contended by English w nters that 
a narrow mg of the canal of Slagendie, w ith an accumulation of fluid m the 
ventricles and their conseejuent dilatation, results m a permanent transudate 
in this loc^ht^ This, however, would not explain the great number of cases 
in which Indrocephalus exists with a patent canal of Magendie Another 
explanation IS that the vessels of the plexus of Galen becoming thrombosed, 
their walls thickened and inflamed, and circulation is retarded, thus causino 
a transudate into the ventricles ^ 


Neither of these theories e\-plains the 
basic meningitis Given a child below' tw 


particular symptoms m posterior 
o years of age attacked by cerebro- 
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spinal meningitis we still are at a loss to explain why, in the majonty of cases, 
hydrocephalus follows Aside from the cases of posterior basic meningitis, 
whose etiology has been dilated upon, the author has been fortunate in 
encountering a case of purely basic meningitis posterior m type in which the 
etiology was not that of the diplococcus of Weichselbaum but a pure strep- 
tococcus complicating a pneumonia This proves that m older children we 
may have posterior basic meningitis pure and simple, the exudate being only 
at the base of the brain and of exactly similar nature tb the form of the disease 
]ust described, but due to streptococcus infection secondary to pneumonia 
Thus there are two forms oi basic meningitis First, primary, caused by 
the Diplococcus iniracellulans of Weichselbaum and either epidemic or 
sporadic This is the type of the disease described by Still The second 
form occurs in older children and the symptoms in no way resemble those 
described by Still There is no drawing back of the head, or opisthotonos , the 
symptoms are obscure until near the close The characteristic symptoms 
of the first form are absent, but in addition to the stupor and symptoms of 
meningeal involvement we have, late in the disease, facial pareses, paralysis 
of the ocular muscles, slight rigidity of the neck, and Kermg’s sign pointing 
toward involvement of the brain, especially at the base 

The author wishes to emphasize that the cases of posterior basic menin- 
gitis of the type described by Gee, Barlow, Lees, and Still may occur in 
epidemics and are due to the same essential cause as the form of the disease 
in older children and adults In fact it would appear that in the ma]ority of 
children attacked by cerebrospinal meningitis below the age of two years, 
both in epidemics and sporadic instances, the disease takes the form described 
by these authors 

Treatment — It has been proposed lately to interfere surgically m these 
cases The skull having been trephined, one horn of the ventricle is opened 
and a dram of catgut is fixed in it, connecting this with the subarachnoid 
space, thus making the ventricular and subarachnoid spaces one Pressure 
can thus be relieved by a general outflow of fluid We have no statistics as 
yet of the success of this but it is difficult to see how anything else than the 
substitution of an external for an internal hydrocephalus is attained 

German authors (B6kai) have published several cases of apparent cure of 
hydrocephalus following meningitis (posterior basic) by repeated lumbar 
puncture, extending over prolonged periods, such as six months or a year 
The i\ riter has never succeeded in attaining any results by this method when 
hydrocephalus has once been established 

The treatment is most unsatisfactory In a child below two years of age 
with meningitis, the prognosis of itself is bad, if, added to this, the disease is 
progressive, we know of no remedy which will stay its course It has 
appeared to the winter that in these cases lumbar puncture would attain its 
ideal as a palliative measure if instituted early enough and repeated often 
Its utilization must be directed especially to the prevention of the subse- 
quent hydrocephalus, which seems hopeless when once established There- 
fore, although a patient is apparently doing ivell, w^e should not hesitate to 
puncture repeatedly in order that intraventricular pressure may not perma- 
nently dilate the ventricles The peculiar structure of the brain in these 
young subjects seems to invite the hopeless sequel of hydrocephalus 



CHAPTER XX 

ERYSIPELAS (ST ANTHONY’S FIRE, THE ROSE) 

By JAiffiS M ANDERS, M D , LL D 

Definition — Erysipelas is an inflammatory disease of the skin due to a 
streptococcus infection, and charactenzed clinically by a tendency to spread 
thiough the lymphatics, by intermittent fever, and by moderate prostration 
It has an average duration of fourteen days Erysipelas occurs both in an 
endemic and epidemic form 

Historical — ^Erysipelas ^\as knovm from remote antiquity Fairly accu- 
rate clinical accounts may be found m the works of Hippocrates on "Epi- 
demics,” and to him, and later to Celsus, ive on e our first acquaintance ivith 
surgical erysipelas Hippocrates also distinguished with a fair degree of 
accuracy idiopathic from traumatic erysipelas The clinical course was 
described by the Arabian physicians and by Greek and Roman authors The 
older writeis, as well as those of the middle ages, however, confused erysipe- 
las M ith a variety of other morbid processes, more especially of the skin, lungs, 
and uterus Galen, who first drew the distinctions between erysipelas and 
phlegmon, attributed causatiye influences to the weather, but held that the 
eftcct on the blood of certain changes in the biliary secretion was the principal 
causatne factor The bilious theory of the ongm of erysipelas held sway 
until Henlc (1840) called attention to the probable etiological role played by 
organisms Later, Volkmann, Huter, Tillmanns, as well as Billroth and 
Ehrlich, supported the microorganic theory of the disease b> experimental 
ln^estlgatlons, but it remained for Fehleisen to prove that the definitive 
cause of erysipelas is a streptococcus 

Epidemics of erysipelas of which we have accurate reports occurred in 
France as eaily as 1750, and outbreaks of a most virulent type nearly a cen- 
tury later (1842-43), both in Europe and America, have been carefully 
recorded It is probable that, as stated by Haser, the epidemic of smallpox 
V Inch occurred in the United States in 1699 was accompanied by erysipelas 
Among excellent accounts by American physicians are those of Drake, Sut- 
ton, Dexter, Peebles, and others These epidemics greatly advanced our 
knowledge of the disease, although their erysipelatous character may be 
seriously doubted in some cases at least, notably the great scourge or the 
so-called "typhoid erysipelas” 'vshich originated m Canada m 1841 and 
spread in a southeasterly direction over the entire United States At the end 
of the eighteenth and beginning of the nineteenth centuries, hospital epi- 
demics A\ere desenbed b^ Wells, of London, and later (1840) at the H6tel 
Dicu, in Alontpelier, by Serre, and similar outbreaks by subsequent m nters 
The epidemics were formerh attnbuted to errors of hygiene and over- 
crowding, but this failed to explain repeated outbreaks m hospitals, educa- 
tional institutions, almshouses, and hospital ships, despite the most rigid 
cleanliness The obseiwations of Ferguson, Ollier, and others, afforded 
conwnang proof that erjsipelas can make for itself a permanent habitation 
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in institutions and municipalities, giving rise to the ehdemic or sporadic 
form, and, under favorable local conditions, the cases may multiply into 
epidemics 

Upon the general acceptance of the discovery of the cause of erysipelas, 
further speculations, which so often led the older wi iters into hopeless con- 
fusion, vere happily obviated Clinical observations have been greatly 
facilitated by the absolute bactenological proof of the specificity of the dis- 
ease 

Etiology — ^The exciting cause is the Sti eptococcus ei ysipelatis (Feh- 
leisen), but it has been proven that this organism is identical with the Siiep- 
tococcus pyogenes Petruschky has shown that streptococci derived from 
non-erysipelatous morbid processes Avere powerful to pioduce a typical ery- 
sipelas V Eiselsberg, E Frankel, Widal, and others, had previously fur- 
nished absolute proof by experiments upon animals that the separate identity 
of the Streptococcus eiysipelatis cannot be reliably established The strep- 
tococci of erysipelas flourish m all soits of culture-media, are very minute 
although vanable in size, and usually assume the form of a serpent or chain- 
forming coccus of Cohn They are found principally m the minute lym- 
phatics of the skin, and rarely, also, in the capillary bloodvessels, and aie 
especially abundant as well as active near the advancing edge of the erysipe- 
latous area They are rarely found in the general circulation, and m blood- 
serum disappear by the action of the phagocytes Intra-uterme infection has 
occurred m exceptional instances The general symptoms of the disease are 
due pnncipally to the presence of toxins circulating in the blood 

There is abundant proof that the streptococci multiply outside of the body, 
they offer great lesistance to external influences This is confirmed by the 
repeated epidemic outbreaks m hospitals and institutions, resulting from 
local faA ormg conditions The occurrence of an institutional epidemic, hoA\ - 
ever, inA olves the coincident presence of individual predisposition Kiliani, 
Kruse, and other writers, direct attention to commencing erysipelas of the 
mucous membrane of the nose These cases are not spontaneous, and the 
habit of “boring the finger into the noSe” aviII explain many cases of facial 
erysipelas The process does not always begin at the site of the mtegumental 
lesion, the streptococci traversing the lymphatics for some distance before 
implantation occurs 

The streptococci cause diseases other than erysipelas and all of these 
exhibit the typical fever-curve of streptococcus infection Inoculation with 
streptococci dern ed from a patient caused typical erysipelas m man This 
experiment by Fehleisen and other investigators furnished the final proof of 
the causatiA e role of the streptococcus 

The mode of infection is clear, it may occur from the inoculation of wounds 
(traumatic erysipelas) or from accidental inoculation m the vicinity of the 
nose and mouth (spontaneous or facial erysipelas) The next most favored 
point of selection is the leg, thus out of 586 cases of the idiopathic vanety 517, 
or 88 2 per cent , were facial, 50, or 8 5 per cent , occurred on the legs and 
feet ‘ Other parts of the body surface, as the hands or scrotum, aie rarely 
the site of infection Acute coryza may precede the attack {e g ,m 13 out of 
301 cases), and m such cases slight e\en microscopic lesions of the Schneider- 
ian mucous membranes probably exist and serve as an infection atnum 

1 Anders Journal of the American Medical Assoaatwn, July 22, 1893. 
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Mode of Conveyance — Erysipelas is moculable and less commonly con- 
tagious, although as a general rule the virus is not highly virulent and there- 
fore IS probably conveyed but a short distance The organism has been 
collected from the air of rooms and wards occupied by erysipelas patients 
The poison is also transferred for a longer or shorter distance by fomites, by 
instruments, and the unclean hands of the physician 

Predisposing Causes — 1 Season — Erysipelas occurs most frequently dur- 
ing the cold, damp months of spring and autumn The writer^ has shown 
by an analysis of 2,010 cases that 50 percent occur during themonthsof Feb- 
ruary, March, Apnl, and hlay, and 15 9 per cent during April alone These 
figures also indicated a nse in incidence, month by month, with slightly vary- 
ing ratio from August to April, after which there is a rapid decline until the 
minimum number is reached, in August It was noted that a low barometer 
and mean relative humidity invariably correspond with the annual period of 
maximum prevalence Per contra, the highest percentage of lelative humid- 
ity in the atmosphere corresponds with the months affording the fen est cases 

2 Age and Sc'c — From an analysis of 1,894 cases the writer foundthat 25 8 
per cent occurred between the ages of twenty and thirty years The disease 
IS rare before the tenth year of life, if we except newly-bom infants, whose 
gieat liability is well established Of the writer’s series (1,894 cases) 15 
per cent occuned before the age of twenty, while after fifty years of age 
the incidence rapidly decreased 

The sex n as noted m 1,767 cases, and the result showed a greater preva- 
lence among males than females On the other hand, Fnckhinger found m 
neaily 700 cases from v Ziemssen’s clinic that 26 91 per cent were males, 
while 73 09 per cent were females The balance of statistical evidence 
indicates the more frequent occurrence of erysipelas among women as com- 
pared with men 

3 Previous AUacls — Individual predisposition is shoisTi by the frequency 
of 1 ecurrcnces, although the importance of this factor has probably been over- 
estimated In 450 instances studied by the writer, prior attacks were noted 
m 39, or 8 6 per cent It was observed that recurrences affected principally 
patients afflicted with protracted suppuration, and especially those suffering 
from catarrhal lesions of the nares accompanied nith slight fissures about the 
nose and mouth — lesions that furnish a path of ingress to the streptococcus 
In menstiual erysipelas the recurrences may take place at intervals of four to 
fi\ e M eeks’ duration 

4 Family predisposition exercises an mfluence in rare instances 

5 Antecedent Affections — ^The important etiological role played by lesions 
of the nasal mucosa has been emphasized The marked predisposing 
influence of certain chronic diseases, such as phthisis, nephntis, organic 
heart disease, and alcoholism, has been definitely shown 

6 Slight Abrasions, Fissures, and Traumatism — ^hlmute, even imisible, 
lesions of the slun and mucous membrane of the nose, or the cutaneous sur- 
face of the face or ear, iin itc infection by furnishing a portal of entry Women 
after deh\ ery', and subjects of surgical operations, are peculiarly susceptible 
for an identical reason In the same manner a deeply seated focus of irnta- 
tion, c, g , chronic suppuration and necrosis of the bones, may be an underly- 
ing cause for repeated outbursts of erysipelas 


^Journal of the American Medical Association, July 22, 1S93 
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7 Antihygiemc Surroundings — ^In hospitals and institutions in which the 
sanitary conditions are conspicuously faultj’-, frequent outbreaks of the dis- 
ease occur It may, however, appear m new institutions under the most 
desirable environment 

Special Pathology. — ^Erysipelas is a sunple inflammation involving the 
skin, subcutaneous tissues, and less commonly the mucous surfaces When 
the process reaches the subcutaneous connective tissue suppuration as a rule 
follows, this belongs to the more virulent forms of the affection Osier 
in one case traced an extension of the inflammation from the face along the 
fifth ner\e to the meninges, "where an acute meningitis and thrombosis of 
the lateral sinus were excited ” It is believed that extension inward from the 
skull by still other routes to the meninges may also rarely occur The various 
viscera may piesent complications usually of a septic character, and vis- 
ceral infarctions are not very uncommon Osier states that of 23 
cases of malignant endocarditis 3 were secondary to erysipelas Simple 
endocarditis, affecting the aortic and mitral segments, and pencarditis may 
be noted Out of a total of 1,810 cases (with 119 deaths) the postmortem 
lesions of pneumonia were observed m 4 instances, acute nephntis in 3, 
pleuntis m 1, oedema of the larjmx in 2, and widespread abscess forma- 
tion in 8 The streptococci are found m the lymph spaees near the 
margin of the advancing inflammation, w’hile beyond the confines of the 
spreading inflammation, they occupy the lymph vessels, where they are 
attacked and may be finally overpowered by the leukocytes 

Symptoms. — Incubation — ^This vanes in duration and ranges usually 
from three to seven or ten days During this period prodiomata may 
appear, they are anorexia, headache, restlessness, angina with cough, 
malaise, and slight pyrexia These symptoms last from a few hours to as 
many days 

Stage of Invasion — ^The symptoms are (a) general, and (^) local The 
disease is usually ushered in with repeated fits of chilliness or a distinct rigor, 
vomiting, and a rapid rise of temperature to 104° to 105° F The tempera- 
ture usually reaches its maximum, 105° to 106 8° F , on the evening of the 
third day After a few days of continued fever the temperature-curve 
becomes irregular, with marked noctural remissions often mergmg into a 
distinctly remittent or even an mtermittent type At the end of one week the 
temperature may decline by cnsis, or, after a more protracted febrile period, 
by Ijsis As the result of complications, and m erysipelas migrans, a pro- 
longed and irregular fever-curve is the rule 

In the majority a direct correspondence between the temperature-curve 
and the seventy of the localized inflammation exists, although, rarely, violent 
and extensive local symptoms may be associated with a moderate elevation of 
temperature, particularly m adynamic forms of the disease or such as occur 
in aged and previously debilitated subjects An evening rise after a penod 
of normal temperature points to a rekindling of the inflammation, or a 
relapse The vriter has been able to confiim the observations of DaCosta, 
Strumpell, and others, that the cutaneous inflammation in erysipelas (par- 
ticularj erj'sipelas migrans) may advance to a slight extent even after the tem- 
perature has returned to normal Following a severe attack the temperature 
may be subnormal for a few days 

The pulse is accelerated, of good volume, and more or less compressible 
The constitutional depression may be great, more particularly m alcoholics 
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A polymorphonuclear leukocytosis paralleling the violence of the infection 
occurs in this disease, but streptococci have not been found in the blood 
The ncrvom sijmftoms vary in intensity Headache and restlessness, with 
nocturnal dehnum, particularly in the severer forms, are commonly present 
In the drunkard, delinum tremens may suddenly supervene The umie 
shows the usual febnle characters, including slight albummuna m many 
cases at least Acute nephritis occurs rarely Kirkbnde found leucm and 
tyrosm in the unne in one case, which indicates a maiked disturbance of 
metabolism 

The tongue becomes heavily furred, and nausea and vomiting are not 
uncommon There is constipation as a rule, but m some patients at an 
advanced stage diarrhoea may occur Enlargement of the lymphatic glands 
IS found occasionally in the neighborhood of the erysipelatous area The 
spleen is moderately swollen as a rule 

Local Symptoms — In facial erysipelas the starting point is usually the 
bridge of the nose, the affected part feeling hot, tense, painful, and sensi- 
tive to touch Almost immediately a small circumscribed area becomes red, 
swollen, and shining, and the inflammation then spreads laterally in the direc- 
tion of the ear, over one or both cheeks, and also upward, but rarely impli- 
cating the tip of the nose The point of election may occasionally be on the 
ear, the cheek, or the hairy scalp, and erysipelas is said to have a preference 
for the nght check The erysipelatous zone may embrace not only the entire 
face and ears, but eventually the scalp and even the neck as well Separating 
the affected from the unaffected skin there is a sharp line of demarcation — an 
elevated brawny ridge presenting a wholly irregular outline While the 
inflammation is meandering, beyond its borders small red streaks and spots 
that grow in size until they become confluent may be observed Certain 
natural integuinental folds, as the nasolabial and border of the hairy scalp 
serve to arrest, further extension m many cases The nostnls may be 
obstructed and the patient limited to mouth breathing In a fully developed 
case the swmllen face, tumefaction of the eyelids, great enlargement of the 
ears (better marked on one side than on the other as a rule), and swollen 
scalp, tend to produce marked distortion of the features often to an extent 
beyond possible recognition 

Several sub-vancties of the local inflammatory process are recognized 
Thus tile inflammation may spiead to the trunk, the arms, and even to the 
legs, when it is known as erysipelas migians In such instances the parts 
first affected may exhibit a normal condition of the skin before the local 
process ceases to spread elsewhere In some cases the epidermal layer be- 
comes elevated oicr circumscnbed areas presenting smaller or larger 
1 esieles or bullfc — erysipelas vesicithsum The larger blebs may be attacked 
by suppuration , gmng rise to so-called cnjsipelas pushilo sum In exceptional 
instances necrosis or gangrene occurs — erysipelas gangrenosum When tl e 
subcutaneous tissue becomes miolved the local manifestations are xiolent, 
the fcier continues high though irregular m tj^ie, and prostration is marked, 
this IS spoken of as phlegmonous erysipelas The local process maj extend 
III depth until the intermuscular spaces and even the penosteum and bones 
are irn aded Tlic condition often leads to other \ aneties mentioned above — 
c g , erysipelas gangrenosum and pusiulosum In the new^-bom the disease 
min attack the umbilical cord {erysipelas neonatorum) From the navel the 
mflamm ition maj spread to the thighs and genitals There is fe\ er, and the 



530 


INFECTIOUS DISEASES 


patient falls into fatal collapse from the sixth to the tenth day Ceitain 
complications, as gangrene or suppuration, may arise Erysipelas may recur 
at longer or shorter intervals, usually in the same locality — relapsing ery- 
sipelas This chronic form of the disease is commonly due to some deep- 
seated focus of suppuration Desquamation attends the subsidence of tlie 
erysipelatous process, and the complexion becomes more delicate than before 
the attack 

Eiysipelas of ihe Mucous Membrane — ^From the skm the erysipelas may 
extend to the pharynx, thence through the Eustachian tube to the middle ear 
and dov nv ard to the larynx, trachea, and even to the bronchi This may 
lead to oedema of the glottis The disease may also attack the mucous sur- 
faces pnmarily, and this form is ushered in by constitutional and local 
symptoms similar m character to those met with m cutaneous erysipelas 

hen it begins m the nasal mucous membrane or throat the local phenomena 
are not characteristic until, as commonly occurs, secondary facial erysipelas 
supeivenes There is violent pain, redness, and decided parenchymatous 
swelling, vith a sharply defined outline of the affected mucous membrane 
While extension to the skin usually takes place from the nose it may occur 
either through the external ear or the nasal duct, though less commonly 
The submaxillary lymphatic glands show enlargement and are tender 
There are cases which begin as primary erysipelas of the larynx, although 
this IS rare The local changes may pursue the course of a primary inde- 
pendent disease, or extension downward through the trachea to the bronchi 
or even air-vesicles may occur The sudden development of stenosis of the 
larynx with death from suffocation has been noted 

Complications and Sequel® — An analysis of 1,674 cases by the writer 
with particular reference to complications gave the following result Abscess 
105, arthritis 20, delirium tremens 10, lobar pneumonia, active delirium, 
phlebitis, pleurisy, each 7, acute nephritis 6, synovitis and diarrhoea each 5, 
tonsillitis 3, catarrhal pneumonia, otitis media, oedema of the larynx, acute 
bronchitis, each 2 In a series of 140 cases Lenhartz observed abscesses 9 
times (6 1 per cent ) In 4 of these 9 cases the abscess v\ as located m the eye- 
lid Abscesses occur most commonly upon the head, but also m other parts, 
may be single or multiple, and while as a lule subcutaneous abscesses are 
moderate in extent, they may rarely attain to a massive size Hoffa has 
observed a purulent arthritis of the knee, and purulent meningitis is an 
exceptional complication The swelling of the lymphatic glands may pro- 
ceed to suppuration, this is usually m association with subcutaneous 
abscesses or gangrene of the skin Extensive cutaneous gangrene, howev er, 
IS rare The Samtauj Reports of the Royal Prussian Army embrace 5,606 
cases of erysipelas with but 8 cases of severe gangrenous inflammation 
Widespread abscess formation may lead to generalized sepsis with fatal 
exhaustion, and the condition may be due to a mixed infection 

Gubler has described endocarditis in the course of erysipelas, and since 
then Sir Djce Duckworth, Hall White, and others, have reported similar 
cases 

Soft, blowmg, functional murmurs may be noted and should be differ- 
entiated from organic murmurs The writer has observ'ed arrhythmia 
due to myocardial weakness from the action of the toxin on the muscular 
structure of the heart The same symptom may be occasioned by disturbed 
mnen ation In addition to lobar pneumonia, aspiration bronchopneumonia 
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may occasionally appear The pneumonia which complicates erysipelas, 
especially in the wandenng form, may be an actual erysipelatous or strepto- 
coccus pneumonia Lenhartz, in a senes of 140 cases, observed acute 
nephritis 7 times, or m 4 7 per cent —a higher percentage than in tlie 
writer’s figures A ehronic otitis media or chronic nephritis may date from 
an attack of erysipelas Conversely, erysipelas is reputed to be curative of a 
variety of diseases, more particularly eczema, lupus, rheumatism, carcinoma, 
and sai coma Aftei erysipelas the hair often fails out, but is usually replaced 

Relapses are not so common as recurrences, but are nevertheless of com- 
paratively frequent occurrence Out of 476 cases collected by the writer 
relapses occuired in 54 — ^ c , 11 3 per cent , — in 1 of these 5 relapses 
occuried, in 2 others, 4 The relapse may appear after an afebiile inter- 
mission of but one or two days, although commonly the interval is three to 
five days It may be of short duration and yet accompanied by rather 
Molent symptoms In another group of cases, to which Frickhinger has 
directed attention, the relapse may be afebrile and yet the cutaneous area 
iinolvcd may be as large as in the primary attack On the othei hand, 
DaCosta has called attention to curious irregular exacerbations of the fever 
during convalescence from the primary attack -without any aggravation of 
the exanthem 

Diagnosis — ^Tlns is not difficult when the eruption is fully developed 
and typical The bra^^ ny, ndge-hke, advancing margin of the inflammatory 
process foims a well-defined line of demarcation between the healthy and 
diseased skin, and is one of the distinctive characteristics The appearance, 
scat, and behaMor, particularly^ the tendency to spread, form marked 
peculiarities Of less diagnostic importance, although of consideiable value, 
arc the acuteness and sc\enty of the constitutional disturbance and the 
enlargmcnt of lymphatic glands in the neighborhood, as a\ ell as the variable 
course due to the part aftected and the presence or absence of complications 
A bacteriological diagnosis is often possible by examining the pus or secretion 
from the nasopharynx, which shows the presence of the streptococcus 

The diagnosis of erysipelas of the mucous membranes is exceedingly 
difficult, and, as a rule, possible only Ailien preceded or follow ed bj" cutaneous 
erysipelas Under these circumstances redness and swelling with marked 
pain would justify a reasonably certain diagnosis Primary erysipelas of the 
mucous membranes is characterized principally' by' similar local sy'mptoms 
de\ doping acutely and either preceded or accompanied by a rigor The 
constitutional features are the same as in cutaneous ery'sipelas, and painful 
enlargements of the lymphatic glands in the neighborhood may also be 
obsen ed 


Differential Diagnosis — Aeulc cczcwo has been confused with erysip- 
tlas, but lacks the feier, marked swelling, peculiarly' raised adiancing 
border, and mode of progression, which charactenze the latter disease 
Moremer, eczema is accompanied by intense itching The same points 
of difference, coupled with a longer course, enable a ready elimination of 
chrome cn/ilicmafous eczema 

Eczema nodosum is characterized by nodosities which haAc their faxonte 
se-it in the Aicinity of the articulations Erfff/,cma is unattended with local 
he It SAA elhng pain, and fei er Vrtjcana has been confounded, but appears 
m he form of pak'-red circular wheals m succcssne crops (often fleeting 
w itlun a few hours) and w ith intense pruritus The affected areas are gener- 
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ally scattered over the entire body Malignant pustule, affecting the nose, 
V as mistaken for erysipelas m a patient observed by the wnter Although 
erysipelas bears a superficial resemblance to this disease m the early stages, 
the swellmg of anthrax is exceedingly firm and presents the eharactenstic 
central, depressed scar A positive discrimination, however, demands a 
bacteriological and microscopic exammation 

Prognosis — ^Three mam considerations form the basis of prognosis in the 
mdmdual case (a) The seventy of the type of the disease, (b) the presence 
or absence of complications, and (c) the circumstances directly connected 
■with the patient himself As to the first, it may be stated that erysipelas 
rarely assumes a malignant form More or less severe types are sometimes 
observed as indicated by the degree of fever, its duration, the cardiac rate, 
and nervous phenomena — delirium, stupor When the disease occurs m 
drunkards, dehnum tremens may arise and death occur 

Of the complications, those fraught with greatest danger are excessive 
suppuration, pneumonia (lobar or lobular), acute nephritis, gangrene, 
phlebitis, pleurisy, pyiemia, and oedemaof thelarynx On the other hand, acute 
arthntis, while comparatively common, is without effect upon the morbidity 
The a^erage duration m typical cases under forty yeais of age is fourteen 
days, but complications matenally lengthen the course They are rarely the 
direct cause of death if we exclude lobar pneumonia, acute nephritis, and 
delirium tremens 

As stated above, the condition of and circumstances connected with the 
individual are important In the first place, the outlook grows graver (after 
the fifth year) in proportion to the age, and this is especially true after forty- 
five years Thus the analysis of 1,810 cases indicated that age has a decisive 
influence upon the mortality after the forty-fifth year, this becoming still 
more pronounced after the sixtieth year These figures gave a general 
mortality rate of 6 57 per cent for hospital cases and 416 per cent for those 
from private practice, m persons under forty years the death-rate was only 
3 5 per cent , in those over seventy years 46 per cent , and the traumatic 
cases gave a mortality of 14 5 per cent Of 2,663 deaths due to erysipelas 
(Unitai States Census Report), the death-rate per 100,000 inhabitants Avas as 
follows Under five years, 31 34, five to fifteen years, 0 81, fifteen to forty- 
five years, 2 80, forty-five to sixty-five years, 8 88, sixty-five and over, 38 55 
(Rodman) With reference to age, it is important to recollect that a greater 
proportion of children under five years and of old people perish than of the 
middle-aged and adolescent 

The preexistence of certain chronic affections, notably pulmonary 
tuberculosis, chronic nephntis, and organic cfirdiac diseases, not only in- 
crease susceptibility but also augment the mortality as much as 25 per cent 
On the whole the mortality rate is low^, and when death occurs it is usually 
attnbutable to exhaustion or asthenia 

Treatment — ^This may beconsidered under four heads (1) Prophylaxis, 
(2) diet, (3) constitutional treatment, and (4) local measures 

1 Prophylaxis — ^This has reference not only to measures limiting the 
spread of the disease, but also to the prer^ention of a relapse It is probable 
that relapses are sometimes due to auto-mfection, or a reinfection from 
without, and to ofoiate this danger frequent changes of the body-hnen and 
remo\al to another room during coniulescence are advisable In peisons 
who haie suffered from previous attacks a recurrence may be prevented by 
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treatment of some of the predisposing conditions, such as chronic nasal 
catarrh, necrosis of nasal bones, chronic leg ulcers, and the like 

The antiseptic treatment of wounds led to a marked decrease in the cases 
of erysipelas, but strict isolation of the disease from the in]ured, and, more 
particularly, operation cases, is the most efficient preventive It is advisable 
to isolate all patients ivitli erysipelas, since there may be transmission by 
contact from the sick to persons apparently free from wounds, fissures, sup- 
puration, or other lesions Geihard reports an interesting case which 
occurred in an orderly who had nursed an erysipelatous patient and was 
attacked by phar^Tigitis Immediately after a subsidence of the sore throat 
a secondary facial erysipelas appeared, it had propagated itself through the 
nght side of the nose and atta'cked the cheek It is obvious that since the 
diagnosis is not made until the eruption has appeared on the cutaneous sur- 
face, transmission may occur before the erysipelatous character of the dis- 
ease IS recognized 

Admission of erysipelatous patients to hospitals should be refused, except 
to institutions provided v itli an isolation building, special physicians, nurses, 
and othcr^employecs When erysipelas appears in a hospital that has no 
isolation wards, the patient should be completely isolated and the same rules 
rigidly followed as m other infectious diseases The physician should wear 
rubber gloves, v Inch can be readily stenhzed and thus prevent transmission 
to other patients 

The serious significance of erysipelas m the new-born makes prevention 
of great importance Puerperal women should be guarded from aU'danger 
of exposure Besides strict isolation, scrupulous care of the skin of the entire 
body IS a necessity Bathing with a bonc-acid wash (3 per cent ) not less 
than thrice daily, so as to disinfect the desquamating epidermis is strongly 
advised 


2 Diet - — A tendency to exhaustion is manifested m the more protracted 
cases, hence alimentation must be generous If the temperature be high, 
the diet should be restricted to liquids given m definite amounts at stated 
intenals It should consist especially of milk predigested or diluted uith 
simple vater, barley vatei, or hmc -water, but not with aerated waters 
Albuminized milk, albumin water, animal broths, beef-tea, and bouillon, 
may be added during the febnle stage In persons over fifty years of age 
and in those exhausted by' previous chronic disease, an appropriate dietary 
IS of the first importance and may be the means of abndging an othenuse 
much protracted attack Rectal alimentation should be used if the stomach 
IS upset, but should be discontinued as soon as milk and other liquids are 
veil borne b-^ the stomach Under special circumstances both methods of 
feeding ma> be requiied temporanly to maintain ^strength IVhen conva- 
lescence begins, and in the lighter cases throughout the attack, pulled 
bread, toast, v cll-boiled nee, and eggs, may be allowed As convalescence 
ad^nces other solid foods of the more digestible kinds are to be given 

The \alue of an appropriate diet is scarcely appreciated bv the general 
profession Unquestionably , minute attention to the details of alimentation 
dunng the primary attack mat be preventiie of a relapse It should be 
definitely understood that appropnate liberal feeding is of greater service 
than anv of the forms of medicinal treatment 

3 Constitutional Treatment --Direct personal ex-perience and theoretical 
considerations have led to the belief that correct, vigorous feeding often 
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renders the use of stimulants -w holly unnecessary When, however, the pulse 
becomes rapid and feeble, the action of the heart weak, faint, and iriegular, 
v.ith or without the presence of a dry, broivn tongue, stimulants are indi- 
cated Whisky and brandy are best, the dose being governed by the effect 
upon the circulatory system If alcohol fails, others may be given simul- 
taneously The judicious use of stiychnine has been most serviceable m the 
hands of the w riter, in doses of moderate size, at first gr io every fouith hour, 
to be gi adually increased until a favorable effect is produced Should urgent 
sjmptoms arise, either suddenly or gradually, strychnine maybe adminis- 
tered hypodermically until the blood tension has been restored, after which 
its use bi mouth may be resumed Digitalis may also become an invaluable 
aid during the adianced stages, either alone or combined ivitli stiychnine, 
It mat be gnen in doses ranging from 5 to 15 tie^ of the tincture, every third 
or fourth hour As a temporary stimulant, adienalin chloride is helpful and 
slioiild be administered hypodermically (irjiij to v of a 1 to 1,000 solution) 
Under similar circumstances saline injections given subcutaneously or in- 
traienouslj increase the blood pressure, they may be repeated at intervals 
of si\ to eight hours as occasion demands Effective doses of diffusible 
stimulants, as champagne or aromatic spirits of ammonia, are also useful 
during circulatory depression If the renal secietion is scanty or diminished, 
more particularly if albuminuria or acute nephritis be present, nitroglycerine 
should be regularly given Finally, while artenal stimulants are required m 
some, they are not needed m the majority of cases 

The extent to w Inch erysipelas is amenable to medical treatment depends 
on the conception one has formed as to the nature of the affection It is 
important to lecollcct that ive have to deal with a bacillary toxiemia Con- 
sequently it becomes necessary to induce elimination The bowels should 
be moved gently but regularly by fi actional doses of calomel, followed by the 
daily administration of a mild saline, assodium phosphate Thesweat glands 
may be stimulated by sponging the surface with tepid ivater or water as hot 
as can be borne, this may be repeated twice or thrice daily There is a 
special method of treatment haiing for its object the induction of copious 
sweating and thus to abort the attack, which will be referred to hereafter 
Large quantities of water should be regularly and systematically given, to 
which potassium bicarbonate or acetate may be added in severe cases It is 
especially important to attend carefully to the details connected with elimi- 
nation 

Attempts liai e been and are continually being made with various kinds of 
specific treatment, but these have failed to justify their use The w'riter’s best 
results liaie been obtained wnth the employment of certain remedies, notably 
iron and quinine m combination The tincture of the chloride of iron, first 
lecommended by Hamilton Bell in 1851, has been extensively used by 
English authorities, and was looked upon by the older clinicians as a truly 
soiereign remedy Other preparatians of iron are probably equally effiea- 
cioiis, and while expenence has proien the undoubted value of iron, it does 
not desene to rank as a specific In 74 cases of erysipelas treated by' the 
tincture of the chloride of iron alone, the average daily quantity being 1 
dram m dinded doses, at the Pennsylvania Hospital, Philadelphia, by Lew'is, 
DaCosta, Longstreth, IMeigs, and otlieis, the death-rate was 4 per cent ‘ 

’Anders, “The Treatment of Erysipelas,” Therapeutic Gazette, July IG, 1894 
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The dose of the tincture of iron should not be less than 10 to SOnjj, 
repeated every second or third hour, accoiding to the seventy of the attack 
The effect of iron is much enhanced by associating iiith it quinine, which 
may be given separately m capsules or milk In England this remedy enjoys 
a wider reputation than iron, as the result of the well-known expeiinients of 
Bmz The daily dose of quinine should range from 16 to 30 gr , its use 
may be confined to instances in which the temperature reaches 103° F or 
over, and usually m uncomplicated cases the noctuinal remissions became 
decidedly greatei and the course of the disease appeared to be somewhat 
abridged After long experience the writer is of the firm conviction that this 
combined method of inteinal tieatment meiits a tiial m all suitable cases 

Reference has been made to the method of treating erysipelas by inducing 
copious sw^eatings, wuth a \’rew to aborting the disease, it was first used by 
the late J M DaCosta at the Pennsylvania Hospital, Philadelphia The 
w'riter has no experience in the use of pilocarpine in this affection and w ould 
advise care and caution on account of its depressing effect upon the lieait 
In 1881, M Hallopeau suggested the combined local and mteinal use of 
sodium salicylate Quite bnlliant results have been repoited from this 
remedy 

Numerous antiseptic agents have been recommended, but in not a single 
instance have they earned a lasting reputation Marmorek, Knoir, Chante- 
messe, and others, have successfully immunized certain animals (rabbit, 
donkey, horse) by the subcutaneous injection of highly virulent streptococcus 
cultures Instances of its successful use as a curative agent have been 
reported by Andre, Robinson, and otheis, but expeiience wuth Marmorek’s 
serum has on the whole given contradictory and unsatisfactory results The 
effect of the serum lasts over two days, but it has to be repeated at forty-eight 
hour intervals to obtain all its advantages 

Certain symptoms may requiie tieatment Antipjnetics haAe little or no 
influence on the fever and are strongly contra-indicated on account of their 
depressing effect High fever can be met by the application of ice-bags, cold 
sponging, or gradually cooled baths The effect of quinine is to reduce 
temperature and more particularly to lengthen the nocturnal remissions 
Pain, insomnia, and active delirium, are favorably modified by the use of 
hyoscine hjdrobromate (gr to rio, hypodermically) This is contra-in- 
dicated in the presence of feeble heart action The following may be used 
Sodium bromide gr v (0 324 gm ) every two hours, or gr xx to xxx (1 2 to 
2 0 gm ) at night, potassium bromide gr x (0 6 gm ), and tincture of can- 
nabis indica T 5 ^x (0 6 cc ) , m combination Occasionally local discomfort and 
pain are troublesome features and are best combated by morphia, gr J, 
hypodermically The treatment of comphcaiions must be conducted as they 
arise In meningitis local bloodletting and lumbar puncture should be 
considered 

4 Local Measures — ^These have alw^ays held a prominent place In 
three different series, making a total of 247 cases, the remedies most com- 
monly employed locally w^ere elm, lead-water and laudanum, carbolic acid 
(1 to 40) injected subcutaneously, zinc oxide, mercuric-chlonde solution 
and ichthyol ointment with lanolin One of the indications is the exclusion 
of air with a view to inhibiting the growth and development of the organism 
which can be best accomplished by the use of carbohzed vaseline or carbol- 
ized oil To Huter belongs the credit of introducing the method of injectmg 
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carbolic acid (1 to 40) The object is to check the spread of the inflam- 
inatory process by inserting the needle at numerous points just beyond the 
inflamed margin It is especially serviceable in erysipelas migrans 
AYhether in the usual facial erysipelas it has any advantages over other modes 
of treatment may be doubted The local use of a solution of mercimc chlonde 
has been folloM ed by the writer m hospital and private practice with encour- 
aging results INIore recently it has been recommended to scarify the 
affected area and then apply a solution of mercunc chloride (1 to 4,000) 
Assuming that the streptococcus occupies mainly the superficial channels 
of the corium, it follows that a bactericidal effect by the mercunc-chlonde 
solution may be reasonably expected 

Ichthyol has been extensively used by Nussbaum, Fessler, Klein, and 
others, but that it exerts a specific effect lacks clinical support Sarcmelli 
has found that erysipelas of the face healed rapidly under application of a thin 
cotton face mask impregnated ivith 25 to 5 per 1,000 solution of corrosive 
sublimate, alternating every tw’o hours w’lth another similar mask impreg- 
nated with a 3 per 1,000 salicylate solution Agents w hose influence is partly 
mechanical and partly chemical (astringent) have also been employed Of 
these collodion and ichthyol-collodion (10 to 50 per cent ) are painted 
m a tolerably thick layer not only over the erysipelatous area but also over 
the surrounding healthy skin for 2 or 3 centimeters MacLennan advo- 
cates a satuiated solution of picnc acid as a local remedy, he finds that it 
arrests the spread of the morbid process and relieves the local discomfort 
and bummg better than ichthyol and other agents, 



CHAPTER XXL 

LOBAR PNEUMONIA ‘ 

By JOHN H MUSSER, M D , 

AND 

GEORGE WILLIAM NORRIS, M D 

Synonyms — ^Peripneumonia, peripneumonia vera — Sydenham (as 
opposed to peripneumonia notha — obstruction of the lungs by heavy, 
viscid, pituitous matter), pneumonic fever — Huxham, croupous pneu- 
monia, lobar pneumonia, pneumonitis, sthenic pneumonia German 
Lungenentzundung, croupose Pneumonic French pneumonic lobaire, 
fluxion de la poitrme Popular terms lung fever, in North Germany, 
Fleier, -which according to Jurgensen is a corruption of the uord pleuritis 
Historical — Lobar pneumonia, owing to the striking and characteristic 
clinical picture which it so often presents, has been known since the earliest 
times not only to the medical profession but to the laity as well It is prom- 
inently mentioned and discussed in the writings of Hippocrates, although 
at tins time there was much confusion and no differentiation between pneu- 
monia, pleuritis and other acute thoracic diseases Four centuries later 
AretJEus, Celsus and Thenison made further progress in the study of the 
disease According to Curt Sprengels, Diokles of Karystus, one of the 
oldest -writers, pointed out the difference in the pathology of pneumonia 
and pleuritis Although mentioned and described by Galen, Cfelius Aurel- 
lanus, iEtius, Alexander Tralhanus, Rhazes, Avicenna and others, no great 
advance was made until the days when physicians refused to be bound by 
the previously invincible rules of custom and precedent, and began to think 
and investigate for themselves This era began about the time of Harvey, 
Sydenham and Malpighi 

The relation between the clinical manifestation of pneumonia and con- 
solidation of the lungs was pointed out by Morgagni, while Baillie described 
the morbid process as "hepatization ” Further important studies vere 
made by Laennec, Cruveilhier, and Rokitansky The diagnosis of pneu- 
monia, based upon the physical signs, is of course to be accredited to 
Auenbrugger and Laennec , Addison showed that the inflammatory 

'Before writing the present article on croupous pneumonia the authors endeav- 
ored to collect from the entire literature all the statistics -which were available 
The statements made are based upon the study of thousands of cases reported by 
observers in different parts of the world The total number of cases available for 
the i^estigation of a given subject of course varied greatly, since the classification 
01 different auth^s varied, as did also the individual subjects upon \\hich data 
^^re furnished The collected cases” referred to in the text therefore represent 
the results of our compilation from our owti cases, as well as those of the literature 
in general Owing to lack of space it has been unpossible to reproduce the ex- 
haustive tables giving an itemized account of the cases reported by different ob- 
servers, or to include the references i j u- 


537 



53S 


INFECTIOUS DISEASES 


exudate \\ as intra vesicular and not interstitial, u liile to Rokitanskj' belongs 
the credit ot diflerentiatmg between lobar and lobular varieties Joerg,‘ 
Bailh, Legendre and Bichat did much to distinguish the various forms of 
atelectasis or defective expansion from inflammatory processes ' 

Occurrence — ^The actual frequency of pneumonia as compared with 
all internal diseases is given by different observers as follows Baeck, for 
England, France, and Germany, 6 4 per cent , von Ziemssen, 3 per cent , 
Aulreclit, 4 per cent , Kiel, 1865-82, 3 6 per cent , Tubingen, 1873-86, 
2 6 per cent , Vienna, 2 6 per cent , Berlin, 2 5 per cent , Townsend and 
Coolidge (Boston), 1 to 3 5 per cent Wells, among 400,000 hospital 
admissions, found 2 to 2 5 per cent due to pneumonia, Aufrecht, 4 1 per 
cent among 36,540, Jurgensen, 5 per cent among 3,993 Ziemssen has 
estimated that pneumonia represents about 3 per cent of all, and 6 to 7 per 
cent of internal diseases According to Fraenkel it represented from 12 7 
to 6 7 per cent of all diseases in the Saxon and Wurtemburg army corps 
during twenty years, — 1878 to 1898 O Muller states that this percentage 
lb steadily decreasing by virtue of better hj^giemc precautions 

In the United States during the census year of 1890, over 9 per cent of 
all deaths w ere due to pneumonia, in 1900, over 10 5 per cent Comparing 
the cit> with the country districts, the last-named census show's the pro- 
portion of the mortality per 100,000 of the population to be 233 1 and 135 9, 
respectively In England and Wales m 1899 the death-rate from pneumonia 
was 125 5 per 100,000 

The health statistics of Chicago seem to indicate that there has been a 
very marked increase m the number of cases of pneumonia in that city, one- 
eighth of all deaths being due to this cause, 46 per cent moie than from all 
other contagious diseases combined, the mortality from tuberculosis being 
thus exceeded by one-third During the last foity years the mortality from 
pneumonia has increased from 4 4 to 19 95 per 10,000 inhabitants The 
last census report of the United States show's that the most marked increase 
m pneumonia during the last ten years has been in the first three years of 
life and in the aged 

On the other hand a number of papers have been w'ritten to show that 
these statistics are erroneous, and that the apparent increase has resulted 
from faulty returns of the cause of death, and the misinterpretation of figures 
It ma\ be conservatively stated, however, that the frequency of pneumonia 
is at least not diminishing, and that the number of deaths caused by this 
disease is appalling 

The two follow'ing charts, representing the frequency and mortality of 
pneumonia in the Allgemeine Krankenhaus in Vienna and the Glasgow' 
Royal Infirmary indicate graphically the yearly variation m prevalence and 
the constantly increasing frequency of the disease 

*'The increasing prevalence of pneumonia in Philadelphia is show'n in 
the chart taken from Wells’^ article The solid line indicates the deaths 
per 1,000 of population, the dotted line the percentage of the total deaths 

’A more complete study of the historical aspect is to be found in Jurgensen’s 
classical work in Ziemssen’ s Enci/clopedm, also in Wells’ article. Journal of the 
American AIcchcal Association, February 9, 1889, and Neumann, Krankheilen 
des Menschen, 2d Ed , I, p 151 

' Journal of the American Medical Association, February 4, 1905 
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Predisposition. — ^Factors favoring the occurrence of pneumonia 
I General Factors — (a) Increased Virulence of the Mtcrooiganism — 
There can be no doubt that the virulence of given strains of the pneumo- 
coccus varies greatly from time to time This fact no one who has seen many 
cases of pneumonia, or who is familiar with the literature of the subject can 
doubt The organism apparently tends to increase in virulence Mitli each 
passage through a human subject, just as it tends to decrease in virulence 
■tthen cultivated artificially These facts are particularly brought out when 
we investigate the various epidemic outbreaks of the disease At such times 



It has frequently been noted that in a given household the most robust mem- 
ber is the last to succumb, in other words he had sufficient immunity to with- 
stand infection, until the virulence of the pneumococcus had been enhanced 
by the successive passage through the less resistant members of the family 
(6) Annual, Seasonal and Monthly Curves —It has been satisfactorily 
demonstrated by nearly all statistics that the disease exhibits very marked 
exacerbations during certain years The incidence in various months is 
shoM n by the following statistics of 34,587 cases collected bv the writers 


Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Mensal Frequency 

Cases 

3,452 

3,257 

4,256 

4,513 

4,287 

2,546 

1,845 

1,457 

1.548 
1,981 

2.548 
2,897 


Per Cent 
9 98 
9 42 

12 31 

13 05 
12 39 

7 36 
5 33 
4 21 

4 48 

5 73 

7 37 

8 38 
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The records collected bj Wells of GS5,5G6 fatal cases show* 


Month 

Cases 

Per Cent 

January 

83,151 

12 1 

February 

86,090 

12 5 

March 

89,062 

13 0 

April 

89,263 

13 0 

May 

67,028 

9 9 

June 

38,861 

5 7 

July 

26,059 

3 8 

August 

24,811 

3 6 

September 

27,183 

4 0 

October 

38,111 

5 7 

Noy ember 

50,260 

7 3 

December 

65,667 

9 6 


These tables sho^\ a fact long well recognized, namely, that the majority 
of cases occur between November and June A study of this subject has 
been made by Nevsholme based on the statistics of different cities m various 
parts of the v orld, v ith practically the same conclusions Hardie, who has 


Fig 03 



iniestigated the problem in Australia, found that the greatest number of 
deaths from pneumonia occurred in August and September, which he 
attnbutes to the exhausting heat, and to the fact that when the air is dry it 
IS a better carrier of microorganisms 

(c) Gcograplncal Disinbvhon — ^Pneumonia is ubiquitous, but is less prev- 
alent near the equator and near the poles than m the intervening zones 
In hot climates it is most often encountered m elevated sections, m which 
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sudden changes of temperature are frequent and marked, the broiling 
midday sun being rapidly replaced by cold nights 

The United States census of 1900 shows that the proportion of deaths due 
to pneumonia was greatest in the South Mississippi River belt (142), where 
there is a large negro population, in the middle Atlantic Coast region, 
(134 6) , and the Cordilleran — ^ivestern states somewhat removed from the 
coast — region (US 7) It was least along the Pacific coast (7S 6), the 
heavily timbered region of the Northivest (/9 4), and along the coast of 
the Mexican Gulf (SO 3) 

(d) Mefeorological Influences — ^lYhile there seems but little doubt that 
these have a distinct although indirect influence on the occurrence of pneu- 
monia, and although a good deal of investigation has gone on in the endeavor 
to thron light on the subject, yet, owing to the complexity of the problem, 
an exact scientific solution of it is still unattained 

Most V, riters hax'e attributed a predisposing potency to change of tempera- 
ture, particularly if this be rapid and marked in degree, a contention which is 
borne out by many statistics On the other hand, as Fraenkel has pointed 
out, m certain localities such as London, Dublin, Wurzburg and Tubingen, 
most of the pneumonia cases occur during those winter months in which, 
while the actual temperature is loner, yet the daily variation is less than din- 
ing the spring Keller states that the frequency of pneumonia varies inversely 
as the amount of rainfall According to Purjesz, this statement has been cor- 
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roborated by a number of different observers as holding good for Kiel, Den- 
mark, Vienna and Munich Certainly this contention would seem reason- 
able enough from the fact that bacteria do not rise from a moist surface 
Regarding the effect of atmospheric pressure, humidity and high winds, 
our knowledge is less definite The last assists the dissemination of the 
infective agent, makes the cold more penetrating, and also affects directly 
the barometric pressure and the temperature “Latitude seems to have but 
little influence upon the death-rate, since New York State, which gave the 
largest mortalitv (228 4 per 100,000 population), and Michigan, iiliich 
gave the smallest (109 3) m 1900, are almost parallel as regards the location 
of their cities ^ 

The relation of pneumonia to the average absolute humidity by months 
for a period of ten years, 1877 to 1886, in Michigan (H B Baker), is shown 
in the table following 

•Sajous, Monthly Cyclopedia of Practical Medicine, vol x\iii 




542 


INFECTIOUS DISEASES 



c 

a 

.a 

o 

U 

March 

April 

>» 

a 

Juno 

July 


Sept 

Oct 

Nov 

Dec 

Vnnual 

Average 

Pneumonia 

A\ enge ab«50- 

57 9 

63 1 

1 

G1 1 ; 

53 9 

39 3 

25 1 

16 1 

13 3 

16 7 

21 3 

33 4 

44 8 

36 5 

lute liuimdit\ 

1 38 

1 51 

1 SI 

2 75 

3 91 

5 27 

6 07 

5 84 

4 98 

3 71 

2 3 

1 73 

3 44 


It has been taught ever since the dajs of Hippocrates that dampness and 
cold veie factors vhich favored the development of pulmonary diseases 
The foregoing table shows that certainly so far as dampness is concerned 
this IS not ti lie It will be seen that in the months v ith the greatest amount 
of humidity the fewest cases of pneumonia occurred 

The relation between pneumonia and the average temperature of the 
atmosphere m hlichigan, by months, 1877 to 1884, (H B Baker), is as 
follows 



rt 

Feb 

U 

C3 

s 

n 

a 

<4 

rt 

<r« 

June 

July 




Nov 

Dec 

Pneumonia^ 
Atmospheric temper- 

n 


62 

56 

42 




18 

23 


48 

ature F 

■ 

25 60 

31 04 

44 48 

56 60 


70 68 

68 85 

62 05 

51 34 


27 25 


Fiom the foregoing data it is evident that statistics can be adduceij both 
to prove and disprove the etiological factor of cold Lavoisier and Segum 
long ago demonstrated that warm-blooded animals, including man, absorbed 
more oxygen and eliminated more carbon dioxide when exposed to cold, 
vhich vould indicate that “more heat energy is liberated, and that the 
efficiency of the bacterial and antitoxic properties of the body fluids, 
including those of the respiratory tract, is increased in proportion ” (Sajous) 
There is not much doubt, however, that although a moderate amount and 
degree of cold may stimulate, too prolonged or severe exposure may depress 
Furthermore, it is not only a question of cold but also of humidity and other 
meteorological influences Again, Loeivy has slioivn that this reaction on 
the part of the human economy to cold is for some reason lacking in certain 
individuals, m those, for instance, in x\hom shivering does not take place 
It must also be remembered that although cold and dampness may be 
predisposing factors, it is at the times when these conditions exist that people 
are most apt to live in crowded quarters, wnth insufficient ventilation, and 
that hence the chances of direct infection a’'e much increased, to say nothing 
of the fact that at such times the temptation to indulge in alcoholic stimu- 
lants IS greater 

Anders" has written a x^ery comprehensive article upon the subject of 
meteorological influences His conclusions are as follow^s 

1 That the seasons exert a marked effect upon the prevalence of lobar 
pneumonia, the maximal mortality being observed during the wnnter and 
spring months 

’Indicating v hat percentage of all reports received stated the presence of pneu- 
inonn then iirder the ob'^ervafion of the physicians reporting 
■American Medicine, xol xiii, September 3, 1904, p 407 
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2 That insular climates probably manifest the greatest rise in pneumonia 
mortality in winter, while that of continental climates coincides mainly 

with spring „ , , .1 

3 That the mortality of the epidemic form of the disease is, to a Jess 
extent, influenced by the seasons and that it may occur in the fourth and 
even third quarter of the year 

4 That an apparently close relationship exists between periods oi low 
temperature and the death-rate from pneumonia 

5 That the mortality rises and falls with the barometric pressure, the 
maximal level being reached during periods of highest pressure and vice 
versa, that the barometric pressure, however, is governed by the tempera- 
ture, being inversely as the latter, is to be recollected 

6 That the average velocitj' of the ninds and the death-rate from this 
disease would appear to stand to one another m relation of cause and effect 
(a provisional explanation of this fact being found in the controlling influ- 
ence exerted by the n inds upon temperature and barometric pressure) 

7 That the coincidence of existing low temperatures, high barometric 
pressure, the direction and velocity of the winds and maximum mortality 
from pneumonia, is so uniformly constant as to merit serious consideration, 
and suggest a close and direct relation betn een their combined influence and 
the progress of mortality from pneumonia 

8 That the mean relative humidity of the atmosphere shows equally 
decided variability during the periods of abeyance in the prevalence and 
fatality of the disease n itli that of the cold or annual pneumonic season 

9 That the major influence exerted by the seasons, however, is probably 
not direct (e ( 7 , by a lowering of the bodily resistance due to low tempera- 
ture, high barometric pressure, direction and velocity of the winds, etc ), 
but indirect, namely, by bnnging about that effective element m the causa- 
tion, concentration and increased virulence of the specific poison m con- 
sequence of closed doors and windows and lack of free ventilation 

(e) Epidem'ics — Accounts of supposed pneumonia epidemics go back 
nearly as far as written history itself An exhaustive tabulation has been made 
by Wells,' who gives a list of epidemics extending back to 1440 It has been 
supposed by some that the plague of Athens, which destroyed one-fourth of 
the population, having previously devastated the shores of the Mediterranean, 
as well as the Black Death, which ravaged Europe during the middle of the 
fourteenth century, were forms of pneumonic infection The truth of these 
beliefs will perhaps never be established, but it is unquestionable that pneu- 
monia epidemics have occurred and continue to do so from time to time, not 
infrequently in company with some other disease such as influenza This 
IS shown by Poehlmann’s figures at Erlangen, in 1886, pneumonia rep- 
resented 4 per cent of all morbidity, m 1887, 10 58 per cent , m 1888, 
11 39 per cent , and m 1885, only 3 3 per cent The most reasonable 
explanation of these epidemics is an increased virulence on the part of the 
infective agent Many of them are stamped v ith a distinct individuality of 
their own , for instance, m some diarrhoea may be a very prominent feature, 
or insomnia, intense prostration, jaundice, cerebral symptoms, dyspnoea, etc 
In the Alaska epidemic of 1881, with one exception, only natives Mere 
attacked At Obersichte the disease Avas limited to children under five 

iVei^fMay Association, February 23, 1889, and Medical 
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years of age, at Kimberly to the Kaffirs In an epidemic m Boston in 1876, 
the onset i\as very insidious, the course prolonged, and hemorrhages com- 
mon In Ireland in 1854 and in Italy in 1898, the attacks were extremely 
mild in character “In the epidemic of Den Gazi Kahn, in which 40 out of 
550 persons lost their lives m a few Aveeks, the local morbid process proceeded 
Avith the utmost rapidity through all the stages of inflammation to suppura- 
tion, abscess and gangrene Both lungs Avere usually affected, and after 
death Avere found to be, to a great extent, disorganized” OVells) 

A study of Wells’ tabulation shoAvs that the spring and aa inter months have 
contributed the greatest number of eiiidemics and further, they have 
appeared m all parts of the Avorld, although most frequent in the elevated 
regions of northern Italy, southern France, and Switzerland 

Edsall and Ghriskey have reported a small hospital epidemic as folloAvs 
A patient died of pneumonia in bed 3 of a side ward m the Episcopal Hospi- 
tal at Philadelphia Within the next eleven days tAvo patients placed tempo- 
rarily in this bed developed pneumonia, pneumococci being found in the 
blood On the tAvelfth day a patient in a neighboring bed Avas found to have 
pneumococci m his blood, but no symptoms developed 
Tyson quotes an instance in which “out of a ship’s crcAV of 815, 410 Avcre 
attacked in rapid succession, and out of 720 attacked, 298 fell victims ” 
Jurgensen states that pneumonia is a house disease “In the village of 
Lustnau, there ii'ere 223 divellings in aa'IucIi during a period of eight yeais 
the disease occurred once in 40 houses, several times m 44, and not at all 
in 139 ” Poor drainage and inadequately drained land have been held to 
favor the development of pneumonia There can be no doubt, however, 
that overcroAvdmg and bad ventilation are potent factors In the jail at 
hloringen in 1878 there Avere from 700 to 900 inmates, of Avhom 58 developed 
pneumonia Kerschenstemer reported 161 cases with 46 deaths, among 
1,150 inmates of the prison at Amberg in 1880 Similar epidemics have been 
reported in French and German army barracks, and in the English navy 
Schroeder sIioaa ed that one house at Kiel furnished the local clinic Avitli 34 
cases of pneumonia during a period of fourteen years JaAvorski and 
ChrostoAvski treated 5 cases of pneumonia in one house ivliich had not been 
free from disease for tAventy-eight years Emmerich and Netter have 
demonstrated the presence of the pneumococcus m the dust of rooms occu- 
pied by pneumonia patients probably droplet infection during coughing 
and speaking does much to disseminate the contagion 
Ballard has “reported 490 deaths due to pneumonia, caused in the most 
part by eating infected bacon According to this observer, those A\ho had 
the disease could transmit it to others who had not eaten of the meat, a fact 
which has been noticed in manj other instances After having been kept for 
several months the bacon lost its toxicity This epidemic Avas knoAvn as the 
hliddlesborough pneumonia epidemic ” Numerous cases are on record in 
A\hich nurses have been taken doA\n Asith pneumonia promptly after or eA^en 
AA'hile taking care of patients ill AAith this disease, and in AA'hich different 
members of the same family, or felloAv lodgers in boarding-houses haA'e been 
attacked vitliin a short space of time Thus, in one instance the disease 
began in a boy After he had been ill three days tuo other children vere 
attacked One dai^later the mother succumbed, and on the same day the 
father, returning from a 30urney, A\as also seized, his attack terminating 
fatall} In each instance the onset had been sudden, the temperature high 
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and the prostration severe Investigation revealed the fact that there was 
a direct communication between the dining-room of the house and the mam 
dram (Copman) Tarchetti and Curio relate another instance m which an 
entire family succumbed to the disease in a short time, an event which they 
attribute to two factors, increased susceptibility to pneumococcic infection 
and increased virulence of the diplococcus as it passes from one human 
organism to another In this instance the weakest and least healthy individ- 
ual ivas first attacked, and the most robust, last Infection derived from 
handling of the bedclothes is exemplified by the following case reported by 
Kuhn A man was attacked by pneumonia and soon atteiwaid several of 
his servants who had been cleaning his clothes became ill One maid who 
had been thus exposed returned to her home, situated some distance away, 
carrying n itli her some linen which had been used m the sick-room Eight 
days afterward both she and hei sister who occupied the same bed developed 
pneumonia Mendelssohn has reported instances in which patients w ere 
attacked by pneumonia soon after being placed in beds previously occupied 
by individuals ill with this disease Such cases are of no great rarity 
An epidemic of pneumonia m an isolated village of 454 inhabitants, m 
winch 14 per cent of the population developed pneumonia within a period 
of tw'o months, has been recorded by Spaet Similar examples could be 
quoted almost indefinitely, but the explanation of these facts must come 
from a more thorough knowledge of bacteriology Upon such a knowdedge 
is based the mam hope for the future The fact that improved hygienic 
measures have thus far failed to check the prevalence of pneumonia, and 
that the application of antiseptic measures has been equally unavailing 
indicates the limitations of our information upon the question of transmission 
Infection from Animah — Pleuropneumonia contagiosa is a disease W'ell 
knowm to veterinarians The disease occurs in barracks and livery stables, 
attacks chiefly the larger horses, and is transroissable from one to another 
either directly or by means of an intermediate host Eraenkel relates an 
instance, in the spring of 1884, in w'hich such an epidemic existed among the 
horses of the Westphalian Artillery at Mmden Soon afterwmrd an epidemic 
of pneumonia broke out among the soldiers which was limited almost exclu- 
sively to those individuals w'ho came m intimate contact w'lth the homes 
Numerous similar epidemics occurring in the German army are on record 
In one of them a microorganism w’as isolated from the bronchial secretions 
of the horse which was indistinguishable from the pneumococcus According 
to the Pans correspondent of the British Medical Journal, 70 cases of psitta- 
cosis (pneumonia transmitted by parrots) have occurred in that city since 
1892 


To sum up, we are forced to the conclusion that pneumonia is a trans- 
missible disease, to be classified wuth the infectious fevers, and like them to 
be guarded against by the application of antiseptic principles, for although 
the virulence of its infectiousness is as a rule not very great, it is under cer- 
tain circumstances undoubtedly capableof transmission from person toperson 
II Individual Factors (a) Cold — ^It is generally believed that hunger 
fatigue, and exposure to cold are predisposing factors, but that something 
over and above these is required is showm by the fact that very little pneu- 
monia existed m Napoleon’s army during the retreat from Moscow Again 
pneumonia IS veiy frequent m very early and m very advanced life, times at 
Yo? 2 - 3 f important role The effect of cold 



546 


INFECTIOUS DISEASES 


upon the organism has been explained as causing a retention of waste 
products of metabolic activity, variation in blood pressure, impairment of 
cellular metabolism, and reflex action Corroborative evidence as to cold 
being an etiological factor has been furnished by the experiments of Lode, 
vho exposed animals one-half and tvo-thirds shaved, to heat, then cold, 
v hereupon they v ere inoculated v ith pneumobacilh Of the animals thus 
treated S5 per cent died of pneumonia and pleuritis, while only 12 per cent 
of the unshaved and unexposed ones did so Similar results ivere obtained 
by Lipari, vho made intratracheal injections of pneumonic sputum m 
animals, and found that a much larger proportion developed pneumonia if 
they had been exposed to cold than ivas otherwise the case Among 4,244 
cases collected by the vriters, 755 (17 79 per cent ) gave a history of expos- 
ure and “catching cold ” 

{b) Trauma — ^Although the existence of " konkussions-pneumonie, ” as 
described by Litten, has been questioned by a number of authorities, 
there seems little doubt that trauma maj" and does in a certain proportion 
of cases have a distinct etiological influence Souques^ has reported 49 
cases of tjpical croupous pneumonia folloumg contusions of the thorax 
without actual injury to the lung tissue These cases usually occur after 
direct blows upon the chest, or injuries produced by falling weights, or 
crushing force Pneumococci have been found in the lungs in a number of 
cases, although in the majority the burden of proof w’as placed upon the 
occurrence of these organisms in the expectoration It has been stated that 
cases of traumatic pneumonia show an increased amount of blood m the 
sputum 

Among 6,790 cases collected by the writers, 58 (0 85 per cent ) gave a 
history of injury Ashton and Landis found 7 cases in 991 in which trauma 
was probably an etiological factor, Moelmann one in 944 Baeck, who 
found 5 such cases among 340, noted a very high leukocytosis, the per- 
centage of fatalities being, liow^ever, much the same as in other cases 

(c) Immersion in Waier — Fraenkel has seen about one dozen cases 
apparently due to this cause Bern has reported similar ones Many of 
these terminate favorably Norris reported a case of a stoker who jumped 
overboard into the Delaware river in mid-w inter, he w^as brought into the 
Pennsylvania Hospital wuth a temperature of 94° F and physical signs of 
pneumonia, recovery follow’ed Among 830 cases collected by the w'riters, 
66 had received a w’etting (7 9 per cent ) 

(d) Aspiraiion Pneumonia — Stubenrath,® from experiments with ani- 
mals, concludes that this form of pneumonia is dependent upon mechanical 
influences of aspiration without regard to the fluid used 

(e) Inlialaiion Pneumonia — ^Pneumonia has been reported as the result 
of inhaling irritating substances such as dust, ether, and nitric acid fumes 
Most of these w ere of the lobular type Merkel gives the follow mg morbidity 
figures for certain occupations painters, 7 5 per cent , room cleaners, 6 9 
per cent , porcelain makers, 5 per cent , cement makers, 4 per cent 

(/) Occupaiion — This plays an etiological role Grundler states that 
the recruits at IMagdeburg are ^e^y predisposed to pneumonia until they 
become accustomed to their work, as shown 

^ Presse Medicale, aoI vh, p 109, 1900 
2 Ueber Aspirations Pneumonic, etc , Wurtzburg, 1898 
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Hecruits (Isfc year) 

Soldiers (2nd year) 

Soldiers (3rd year) 

Soldiers (beyond 3rd year) 


Men 

Cases 

Per Cent 

2,226 

48 

2 15 

2,076 

17 

0 81 

1,031 

7 

0 67 

675 

1 

0 14 


Emigrants are more susceptible than natives vEo have become acclimated 
The United States census report shows that whites of foreign birth are much 
more frequently attacked than the native born Outdoor occupations show 
a higher morbidity from this disease than indoor vocations 

Different races of men have in the course of centuries developed well- 
marked and distinct characteristics, which have fitted them to live m given 
localities This is exemplified physically by varying degrees of pigmentation, 
psychically by varying types and degrees of mental activity, and economi- 
cally by differing diet and mode of life When a man emigrates to other 
degrees of latitude than those for which his heredity fits him he falls an easier 
prey to disease than the native This is well exemplified m the case of the 
Lapps, who whenever they move from the frozen north to a temperate zone 
almost invariably die of pneumonia w’lthin a short time 

Sanitation is also of importance and closely allied with the question of 
cleanliness is that of ventilation Pneumonia is distinctly more prevalent 
in cities than m the country, despite the fact the outdoor work preponderates 
in the latter, indicating that poor hygiene and overcrowding, with the attend- 
ant danger of infection, are more important factors than climate and tem- 
perature Anders, who investigated the question in Philadelphia, found the 
highest mortality from pneumonia m the most densely populated wards, and 
in those occupied by negroes and foreigners 

The influence of occupation upon the frequency of pneumonia is shown 
by the mortality statistics of the United States census, 1900 


Pekcentage of ale Deaths Due to Pneumonia 


Males 

Professional 

Clerical and official 

Mercantile and trading 

Public entertainment 

Personal service, police and military 

Laboring and servant 

Manufacturing and mechanical industries 

Agricultural, transportation, and other outdoor 

All others 


Whites 

Negroes 

8 7 

11 8 

9 2 

6 6 

9 4 

13 5 

9 9 

18 7 

9 9 

11 9 

11 8 

11 7 

9 8 

10 2 

10 7 

13 8 

8 3 

12 5 


This indicates that the death-rate is considerably higher m the negro than in 
the u lute man , and higher for indoor than for outdoor occupations 


Percentage of all Deaths 
Females 

Musicians and music teachers 
School teachers 
Stenographers and typeiv riters 
Bookkeepers, clerks, copyists 
Hotel and boarding-house keepers 
Laundresses 
Nurses and midv ives 


Due to Pneumonia 


Whites Negroes 

5 2 

7 4 8 8 

6 0 

13 0 

5 0 4 

10 3 8 1 

10 1 9 4 


(Continued on ne\t page ) 
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Males 

Whites 

Negres 

Servants 

9 5 

8 3 

Cigar makers and tobacco workers 

Mnl and factory operatives — ^Textiles 

12 2 

9 8 

6 0 

Milliners 

5 6 

5 2 

Dressmakers and seamstresses 

8 0 

7 2 

Telegraph operators 

8 6 

8 8 

All others 

9 5 


Pneumoma in the Nohonal Armies — The following diagram, after AVells, 
shows the prevalence of pneumonia m the United States army from 1868 
to 1902 The total of 6,838 cases with a general mortality of 10 75 per cent 
IS in startling variance with that of the German army, in which among 40,000 
cases the death-rate was only from 3 to 4 per cent , and suggests that as there 



IS no parallel diversity m the methods of treatment, we have to deal m this 
country either with an infective agent of much greater virulence, or an in- 
dividual with lower resistance 

The following data shon the frequency and mortality from pneumonia m 
the different national armies (Sforza) It will be noticed that incidence and 
mortality tend rather to vary inversely than directly 


United States Army 

Morbidity 

Per Cent 

2 9 

Mortality 
Per Cent 
14 7 

English Army 

4 5 

12 2 

Italian Army 

5 0 

9 5 

Austrian Array 

6 0 

8 3 

French Army 

6 6 

9 2 

Russian Army 

8 0 

8 0 

Prussian Army 

9 4 

3 5 


{g) Alcoholism — ^Alcoholic mtoMcation seems to be a predisposing cause 
Of 2,407 cases collected by the writers, 130 v ere intoxicated at the time the 
pneumonia appeared Moelmann found 26 in 380 (6 8 per cent ) Doubt- 
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less tlie exposure incurred at such times contributes to the development of 
tllG cilSG3/S0 

(h) Prevwus Attacks —Among the writers’ cases collected in reference to 
this subiect, 1,615 out of 11,811 had previous attacks (13 6 per cent ), and 
of 246, 189 were in the second, 33 in the third, 18 in the fourth, 3 in tue 
fifth, 1 in the sixth, 1 in the eighth, and 1 m the ninth attacks Among 2,137 
there were 41 (1 9 per cent ) who had previous attacks of pleuritis, 112 (6 7 
per cent ) among 1,675 had bronchitis before pneumonia, and 94 (24 8 per 
cent ) among 379 who had previous attacks died 

Previous attacks withm 1 year 
Previous attacks 1 to 5 years 
Previous attacks 5 to 10 years 
Previous attacks 10 to 20 years 

Iilortality 

P'loximity of Recurrence — Norris found 56 cases in 500 who had more 
than one attack In 944 cases, Moelmann found 54 patients who had had 
more than one attack Fifty-six per cent of these were grave, 20 per cent 
light, and 24 per cent abortive, of these 7 died He is certain that an indi- 
vidual predisposition exists, which increases from year to year He also holds 
that there is often a family disposition, when the parents had tuberculosis, 
pneumonia, chronic pulmonary disease, or have been alcoholics Instances 
of an individual being attacked by pneumonia four times have been recorded 
by Landsberg, and Lepme and Froment Chomel saw pneumonia in the 
same individual ten times, Frank eleven times, and Rust recorded an 
instance of a person being attacked twenty-eight times Preble saw a child 
of eight years m the fifth attack Bokai saw three attacks of pneumonia in 
a boy within forty-eight days, involving in each instance the same lobe 
Statistical data similar to the foregoing could be quoted almost indefinitely 
There seems to be no doubt that recovery from each attack of pneumonia 
makes a subsequent one still more likely In a certain number of cases, 
however, successive attacks seem to be milder in character 

(x) Acute Illnesses Influenza — Pneumonia is well known as one of the 
most fatal complications of influenza Epidemics of these two diseases 
often occur together In a certain number of cases when they occur coinci- 
dently, the pneumonia is of the lobar variety, and is in no way distinguish- 
able, macroscopically or microscopically, from typical croupous pneumonia 
(Fraenkel) 

Typhoid Fever — ^There is much confusion in regard to the "relationship 
between typhoid fever and pneumonia Undoubtedly many cases clinically 
classed as “typhoid pneumonia” are really forms of tuberculous disease 
Others again are due to the typhoid bacillus Among 4,459 cases of pneu- 
monia collected by the writers, typhoid fever was coincidently present in 
64 (1 4 per cent ) T^qilioid fever may predispose to pneumonia by lowering 
the general bodily resistance ° 

Pulmonary Tuberculosis — ! 
tuberculosis ’ Is tuberculosis 
two conditions frequently co-e 
betv een the tv o diseases On 


Joes pneumonia favor the development of 
greatly aggravated by pneumonia ? Do the 
xist ’ There is probably frequent confusion 
lie one hand, apical disease of pneumococcic 


Males 

11 

17 

10 

8 


Females 

1 

4 

4 

1 


29 per cent 10 per cent 



550 


INFECTIOUS DISEASES 


origin, if there be delayed resolution, may closely simulate tuberculosis 
On the other hand, tuberculous pneumonia, m winch the pneumococcus 
plays no part, is of frequent occurrence and may, under certain con- 
ditions, resolve to a remarkable degree, for a time, at least, and, if "con- 
sumption” subsequently develops, gives rise to the belief that a pneumonia 
was the cause of a locus mmons resistcniim It is well, therefore, to “be 
suspicious of an atjqiical pneumonia ” 

Louis stated that a pneumonia engrafted on a tubereulous lung may 
"terminate rapidly and favorably ” Walshe says, “If the lungs already 
tubercuhzed become actually inflamed, convalescence from the pneumonia 
often takes place as rapidly as if the lungs had previously been sound 
Some of the most marked examples of rapid resolution I have met with 
vere in phthisical persons ” Giisolle, Bergtold and many others hold simi- 
lar views Huss described 36 such cases with a mortality of 33 per cent In 
some cases the pneumonia does not seem to have much effect on the tuber- 
culous process, but it frequently happens that a rapid disintegration of pul- 
monary tissue, or a generalized miliary tuberculosis promptly follows 
R W Phillip concluded from the study of 1,000 cases of tuberculosis 
that there was a traceable close sequence of tuberculosis upon pneumonia 
in only 0 5 per cent Among 2,924 cases of tuberculosis treated at the Phipps 
Institute m Philadelphia, during the first two years, 510 gave a history of 
having had pneumonia (17 per cent ) As the previous occurrence of pneu- 
monia IS one of the questions which is routinely tabulated m every case, these 
figures speak more authoritatively than those gathered from general histones 
by Wilson Fox, Grisolle, Louis and others, who found a much smaller pro- 
portion, although It IS of course possible that some of these supposed pneu- 
monias were not pneumococcic in origin 

Regarding the increased activity of a tuberculous process which occurs 
at times after an attack of pneumonia. Cornet suggests that "the exudation 
of the latter disease may, as it were, Avash out and destroy the areas of periph- 
eral resistance of those tubercles Avhich he Avithin its focus ” In 127 pneu- 
monia autopsies collected at the Pennsylvania Hospital, Philadelphia, Norris 
found 11 instances of gioss tuberculous lesions The lungs Avere invoi ed in 
8, the peritoneum in 1, the bronchial lymph nodes m 2 Croupous pneu- 
monia and tuberculosis have been encountered elsenhere as follows 
Vienna, 1 1 per cent , Stockholm, 1 4 per cent , Basel, 1 8 per cent , 
Rychner, 2 7 per cent , Norris, 1 4 per cent , IMusser, 0 8 per cent , 
Biach, 1 7 per cent , Sello, 2 0 per cent , A H Smith, 0 8 per cent , 
J IMcCrae, Fyshe and Amley, 1 6 per cent 

(j) Chrome Diseases — Diabetes — ^There is a marked discrepancy among 
the figures of different observers as to the frequency Avnth Avhich pneumonia 
occurs in patients AAith diabetes melhtus There seems to be no doubt, 
hoAAever as to the higher mortality of pneumonia AA'hen complicated by 
diabetes Diabetes melhtus occurred in 2 out of our 2,949 collected cases 
Severe complications such as pulmonary gangrene not infrequently occur 
AAhen pneumonia attacks diabetic subjects 

In other chronic diseases, such as nephritis, arteriosclerosis, hepatic 
cirrhosis, and the like, pneumonia often supervenes as a terminal infection, 
and the same may be said of diabetes melhtus Anders, who has investigated 
the frequent-^ ot cardiovascular lesions m pneumonia at the Philadelphia 
General Hospital, found that, in 275 autopsies on individuals dead of this 
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disease, such lesions existed in 250, or 90 9 per cent , most of which v/ere 
chronic endocarditis and endarteritis, whereas these lesions were found at 
autopsy, death being due to different causes, 380 times m 1,600 cases (25 per 
cent ) at the Charing Cross Hospital in London, and 83 times in 142 at 
Toronto, including patients of all ages (58 5 per cent ) In 127 autopsies, 
Norris found high grade arteriosclerosis 14 times (11 per cent ) It is a 
^ery common thing for hemiplegic patients to die of pneumonia, and not 
infrequently the lung on the paralyzed side is attacked 

(Ji,) Age — This plays a well-defined role both in the frequency and mor- 
tality The following table collected by the writers, based upon 32,681 cases, 
shows that by far the greater number of cases occur in early adult life The 
United States census report which follows places the majority at the extremes 
— a discrepancy which is to be explained by the fact that the latter statistics 
are based upon fatal cases Among 32,681 cases 


Age 

Cases 

Per Cent 

0 to 5 years 

1,249 

3 8 

5 to 10 years 

3,132 

9 6 

10 to 20 years 

5,107 

15 6 

20 to 30 years 

8,041 

24 6 

30 to 40 years 

5,665 

17 3 

40 to SO years 

3,987 

12 2 

50 to 60 years 

2,558 

7 8 

60 to 70 years 

1,754 

5 4 

Over 70 

1,094 

3 3 

The age was not stated 

94 

0 3 


United States Census Report, Per 1,000 Cases or Pneumonia 


Census Year 

1-5 yrs 

5-19 yrs 

20-39 yrs 

40-59 yrs 

60 + 

1890 

304 7 

70 2 

195 8 

203 9 

225 4 

1900 

382 6 

59 1 

147 6 

171 5 

239 2 


(1) Se'V — Of 12,098 cases collected by the writers, 8,881, or 73 41 per 
cent , occurred m males and 3,217, or 26 59 per cent , in females The 
various relations of incidence to sex and age are shown in the following 
tables 


Age 

0 to 5 years 
5 to 10 years 
10 to 20 years 
20 to 30 years 
30 to 40 years 
40 to 50 years 
50 to 60 years 
60 to 70 years 
Over 70 


Males 


Cases 

Per Cent 

35 

0 

39 

57 

0 

64 

2,197 

24 

74 

2,912 

32 

79 

1,582 

17 

81 

1,117 

12 

58 

593 

6 

68 

310 , 

3 

49 

78 

0 

88 

8,881 




Females 


Cases 

Per Cent 

22 

0 68 

37 

1 15 

456 

14 18 

853 

26 51 

542 

16 85 

425 

13 21 

403 

12 53 

319 

9 92 

160 

4 97 

3,217 



In adult life the incidence is usually estimated as 6 to 4, for male and 
female respectively In early life this difference does not seem to exist, u hich 
Mould indicate that the greater exposure entailed by male occupations is 
he main factor m the causation of the difference Out of a total of 35 7QS 
cases collected by the tvnters. 19,848, or 30 per cent , 4re females IlS! 
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or 69 7 per cent , were males The census of 1900 show s that in the United 
States 58,340 men, and 47,631 W'omen died of pneumonia 

{m) Race — ^The negro race appears to be more susceptible to pneumonia 
than the white This may be explained in part by color and conformation 
In the negro the skin is functionally more active m the throwing off waste 
products and owing to the color, heat radiation is greater, it is very evident 
that the same degrees of cold ivould cause more marked systemic and meta- 
bolic effects than in the wdiite In the United States census report of 1880 
the relative frequency of pneumonia in the negroes ivas one-half more tlian 
in the w’hites In the British army, pneumonia w'as more prevalent in the 
blacks in the proportion of 33 to 20 2 Furthermore, poor hygiene, as ivell 
as alcoholism, are very common among our negroes The American Indian 
and the Esquimaux also seem to be very susceptible, whereas the Malays, 
and the natives of Hindoostan and Burmah, as well as the Chinese, have 
much more resistance Again there is considerable difference m different 
branches of the same race, thus, the Celt is more susceptible than the Teuton 
(n) Insanity — ^Pneumonia, according to Krafft-Ebing, is the cause of 
death m one-sixth of all cases of insanity This statement, however, includes 
the hypostatic types so often seen in marantic dements, and in the pneu- 
monia of vasoparesis met wath m paralytics (Gaye) In the insane, pneu- 
monia IS very apt to have an insidious onset, and to run a symptomless 
course, save for such manifestations as anorexia and w'eakness 
Bacteriology of Pneumonia and the Pneumococcus Infections. — 
The study of the infectious nature of pneumonia dates from the observa- 
tions of V Jurgensen, in 1874 Long before routine bacteriological investi- 
gations W'ere begun, he placed pneumonia among the infectious diseases and 
assiuned it to be due to a specific cause He also regarded it as a general 
disease w ith local manifestations in the lung A year later Klebs described 
micrococci wdneh he had found in a pneumonic exudate and to wLich he gave 
the name of “ Monas pulmonalis ” Eberth, in 1880, reported the appearance 
of diplococci m sections 'of a solidified lung and in the purulent meningeal 
exudate of the same case A similar organism wms pictured by Koch in the 
following year * The organism described by each of these investigators W'as 
in all probability that now known as the Micrococcus lanceolatus, but these 
observations, on account of the imperfect bacteriological methods of that 
time, have only historical interest In 1883, Friedlander announced the 
discovery, m pneumococcic exudates, of an organism termed by him the 
pneumococcus, which wms capable of causing pleuropneumonia in mice and , 
occasionally in guinea-pigs Later investigations however demonstrated 
this organism to be an encapsulated bacillus, now^ generally known as Fried- 
lander’s pneumobacillus, and but infrequently associated with lobar pneu- 
monia 

The microorganism w^hich has been shown to be constantly associated 
with acute fibrinous pneumonia w^as first thoroughly studied by Sternberg, 
m 1880, though its relation to pneumonia w^as not appreciated by him at 
that time He found that his owm saliva, when injected into rabbits, caused 
the death of these animals, and that from their bodies an organism could be 
recovered wdiich w as peculiarly pathogenic to them To this organism he 
gave the name of Micrococcus Pastcuri At about the same time Pasteur 
found an identical diplococcus in the saliva of a child suffering from hydro- 
phobia Although Sternberg’s observation antedated that of Pasteur the 
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discovery is credited to the latter by priority of publication A little later, 
interesting observations were made % Talamon but it was not, hoAvever, 
until 1884, as the result of the labors of A Fraenkel, that this organism was 
shown to have a definite and constant relation to pneumonia Fraenkel 
isolated it from the sputum of individuals suffering from pneumonia, demon- 
strated its constant presence in the solidified lung, and, with pure cultures, 
produced exudative lesions of the lungs of mice and guinea-pigs and general 
septicEemia in rabbits He stated de&iitely that it was m all probability the 
causal agent of pneumonia 

The routine examinations of Weichselbaum (1886), Netter (1890) and 
others have demonstrated this organism to be so constantly present in the 
exudate of genuine acute lobar pneumonia that it may be considered as 
the chief etiological agent Other organisms are occasionally associated with 
it, and are found rarely in the absence of the pneumococcus in an apparently 
typical lobar pneumonia, but in the great majority of reported cases the 
Biplococcus lanceolaius is present and in pure culture Weichselbaum’s 
study included a group of 129 cases of lobar and lobular pneumonia and in 
94, 78 of which were of the lobar type, Fraenkel’s diplococcus was found 
Netter states that it occurred in 75 per cent of his cases Wolff found it in 
66 of 70 cases and Pearce in 110 of 121 The studies of Gamel6ia, Welch, 
Wright and Stokes, Howard and others, based on smaller groups of cases, 
give similar results Gamal4ia considers the Friedlander bacillus to be only 
occasionally accidentally present, on the other hand neither Pearce nor 
Howard found it in pure culture in primary croupous pneumonia It may, 
however, be found in bronchopneumonia and in irregular forms of diffuse 
pneumonia characterized by a viscid exudate poor m fibrin The term 
pneumococcus, first applied by Friedlander to his bacillus, is now the common 
name for Fraenkel’s diplococcus, while pneuviobacilhis is fiequently used 
to indicate the former 

Although the pneumococcus is found m pure culture in the majority of 
cases, secondary invasion by other organisms is not uncommon The 
Streptococcus pyogenes is the more common associate of the pneumococcus 
and less frequently the Staphylococcus pyogenes aureus, the Bacillus diph- 
theria;, the Bacillus influenza, Bacillus typhosus, and bacilli of the group of 
B capsulatus mucosus 

The Pneumococcus — Nomenclature — ^The microorganism of lobar 
pneumonia has received a variety of names Without going into the question 
of proper nomenclature these various names may be revieAved, Microbe de 
la salive (Pasteur), Coccus lanceole (Talamon), Micrococcus Pasteuii 
(Sternberg), Pneumococcus (Fraenkel), Diplococcus pneumonia; (Weichsel- 
baum). Bacillus salvanus scphcus (Flugge), Klebsiella salvanus (Trevisian), 
Streptococcus lanceolatus (Gamal4ia), and Micrococcus pneumonice cruposce 
(Sternberg) At piesent the terms pneumococcus, Diplococcus pneumonice, 
and ^iici ococcus lanceolatus are in comnion use Chester in his recent classi- 
fication uses the term Streptococcus pneumonice 

Morphology and Cultural Characteristics — The organism is seen as 
elliptical or lance-shaped cocci occurring in pairs or chains of four to six 
elements In sputum or fresh exudates a distinct capsule is seen about the 
organism, this is not evident m cultures on ordinary media It stains 
readily with the usual dyes and also by Gram’s method The organism can 
be cultivated readilj on all culture media except potato, and grows more 
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luxuriantly on slightly alkaline media On the surface of gelatine at a tem- 
peratuie of 24° C the colonies appear as small round circumscribed finely 
granular ^\hlte or grayish points, which never liquefy the gelatine On agar 
slants, at the temperature of the body, the colonies are transparent and deli- 
cate and scarcely visible to the naked eye Growth in milk is characterised 
by acid production and coagulation of casein In Hiss’ inulm-serum-water 
medium the pneumococcus causes coagulation and this medium is therefore 
of importance in differentiating the pneumococcus from the Sit epiococcus 
pyogenes, which under some circumstances may closely resemble it morplio- 
logicall} 

The recent studies carried out under the direction of the Commission for 
the Investigation of Acute Respiratory Diseases of the Department of Health 
of the City of New York, included a comparative study of the pneumo- 
coccus and pneumococcus-hke organisms Park and Williams found that 
the so-called Sti eptococcus mucosus of Schottmuller, which has hitherto been 
classed with the true streptococci, possesses characteristics which demand 
that it be classed as a definite variety of pneumococcus and recommend that 
the name be changed to Streptococcus lanceolatus, var mucosus Collins’ 
agglutination tests show this organism to be more closely related to the 
pncumococcui than to the Streptococcus pyogenes, thus supporting the con- 
clusion of Park and Williams Hiss’ observations as well as those of Duval 
and Lewus also support this view' 

The Pneumococcus in Apparently Healthy Individuals — Since Stern- 
berg demonstrated the presence of the pneumococcus in his owm saliva many 
observations have been made concerning its frequency in the buccal secre- 
tions from normal individuals Netter found it in 20 per cent of the persons 
wdiom he examined and investigators of the New York Commission report 
its presence in from 46 to 85 per cent The question of towm or countiy 
habitation or of indoor oi outdoor occupation appears to make little differ- 
ence in the frequency A higher percentage of atj'pical strains was obtained 
from healthy persons than in those suffering from pneumonia 

Buerger’s studies show that the organism is slightly more frequent in males 
than females and is most frequent in children It may persist for consid- 
erable periods of time Longcope and Fox found the percentage of the 
tjqiical forms to increase rapidly in December and January and to fall off 
gradually in March and April Virulent forms are naturally not so common 
in normal individuals, as in pneumonia or in convalescence from pneumonia 

The Pneumococcus Outside the Body — ^The pneumococcus is a distinctly 
parasitic organism and outside the body has only been found m the dust and 
sw'eepings of rooms and other places w'here dried sputum may collect Wood 
has made a very extensive senes of expenments to determine its viability 
He found that m sputum preserved in a moist state, if not exposed to direct 
sunlight, it maj sumve a considerable time, the average duration being 
less than tw o w eeks In the dried pow'dered sputum the organism if exposed 
to sunlight or diffuse daylight dies in an hour, if kept in the dark, in about 
four hours Under the ordinary conditions of the sick-room, the pneumo- 
coccus becomes harmless in about an hour and a half The danger of infec- 
tion except for those in direct contact mth the patient may be entirely avoided 
it w ould appear, by ample illumination and ventilation of the sick-room 

Tome Products — Little is known of the metabolic products of the pneu- 
mococcus The toxic substance is an intracellular toxin, that is, it does not 
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appear in soluble form in fluid media in winch the organism is grown, but 
IS intimately bound to the cell body It can, however, be extracted in various 
ways from large masses of microorganisms The freeing of the toxin in 
the living body is supposed to be due to the disintegration of the bacterial 
cells On the other hand, the possibility of the production of a soluble toxin 
in the living body cannot be denied, but of this there is no proof The diffi- 
culty of readily procuring a toxin of the pneumococcus hinders the successful 
production of antisera lor this organism By vaccinating animals ■with 
attenuated pneumococci or injecting extracts of the organism it is possible 
to produce a serum which in laboratory experiments will protect susceptible 
animals against many times the minimum fatal dose of virulent pneumococci 
This serum is neither bactericidal nor antitoxic but belongs to a third group 
of antisera which appear to act through the agency of phagocytic cells Such 
sera have the power to produce some change in the cocci wffiich causes them 
to be more readily engulfed and digested by the phagocytes The element 
which brings about this change is termed an opsonin (Wright and Douglas) 

The Opsonic Index — ^Rosenow, who has studied the phagocytosis of 
pneumococci tn vitro, found that non-virulent strains are readily taken up by 
human leukocytes in the presence of normal serum, the phagocytosis being 
roughly proportionate to the amount of serum present Washed leukocytes 
do not take up the pneumococci Virulent strains are not taken up under any 
conditions until attenuated by cultivation Pneumococci isolated from the 
patient’s blood before, during or after crisis are not taken up by the patient’s 
serum %n vitro, nor by normal serum His investigations point to the fact 
that during and shortly after the crisis there is a slight increase in opsonic 
power, and that in fatal cases this may fall below normal Pneumonic 
leukocytes are more phagocytic than normal ones, as well as more resistant 
to heat The pneumococcidal action of pneumonic or other blood is due to 
the combined action of the serum and the living white corpuscles The 
serum alone of normal or pneumococcic individuals has no bactericidal 
action on pneumococci 

Wolf, who also studied the opsonic index, found this feature decreased in 
the early stages of pneumonia In favorable cases the index rose as the 
crisis was approached, while it remained persistently low in fatal cases The 
total antipneumococcic index — as estimated from the leukoc)h;ic, and the 
opsonic indices — was increased early in favorable cases, and remained high 
until the crisis had occurred The experimental injection of dead virulent 
pneumococci brought about a similar evolution in the antipneumococcic 
index in normal individuals, but dead avirulent pneumococci were appar- 
ently without effect upon the pneumococcic opsomns 

The Pneumococcus m Non-pulmouary Lesions — ^In the complications of 
pneumonia such as pleuritis, pericarditis, endocarditis, meningitis and 
suppurations m various parts of the body, the pneumococcus is practically 
aliiays present These secondary lesions are to be explained by direct 
extension, passage along lymphatics, or by a general invasion of the blood 
stream Other organisms than the pneumococcus may be present in such 
lesions and in some instances the complications may be due to an independent 
secondary infection The pneumococcus, however, is responsible for most 
ot the complications It is capable also of producing lesions of various 
organs m the absence of a primary lesion in the lung Thus, it has been found 
in peritonitis, tonsillitis, conjunctivitis, inflammation of the middle ear and 
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the accessory sinuses of the nose, pyosalpinx, arthritis, and abscesses of 
various parts of the body Randolph, who examined the conjunctival sac 
in 48 cases of pneumonia, found praetically the same bacterial flora as in 
health, and suggests that the organisms normally present render the soil 
uncongenial to other varieties 

Pneumococcus Septicsenua — ^It is now customary to regard pneumonia 
as general pneumococcus infection with the lesion in the lung as but one of 
the manifestations Such a view of the disease allows a clearer conception 
of the clinical symptoms and the complications That a pneumococcaimia, 
analagous to the similar condition produced in rabbits experimentally, may 
occur quite constantly is indicated by a very extensive series of investiga- 
tions of the blood during life Prochaska, who found the pneumococcus m 
all ol 50 cases examined, believes the invasion to be a constant condition m 
pneumonia, as does Rosenow, who obtained positive results m 160 of 175 
cases m which the blood was taken at all stages of the disease Rosenow’s 
results show that the pneumococcus may be obtained from the blood before 
any physical signs aie evident, thus indicating that the solidification in the 
lung may be but the secondary localization of a primary blood infection 
Pearce, m a study of 118 cases of lobar pneumonia at autopsy, found the 
pneumococcus in the heart’s blood, liver, spleen or kidney in a little less than 
one-half of the cases 

General pneumococcus infection without distinct localizations has been 
reported by Wright and Stokes, Pearce, Flexner, Hektoen and others as the 
result of bacteriological examination at autopsy 


THE MORBID ANATOMY OF LOBAR PNEUMONIA. 

It is customary to divide pneumonic solidification of the lung into three 
stages engorgement or congestion, red hepatization, and gray hepatization 
01 purulent infiltration 

The lung m the stage of engorgement is deep-red m color, oedematous, and 
slightly firmer and heavier than noimal From the cut surface a blood-tinged > 
serum exudes Air is still present, the lung tissue crepitates, though to a 
less extentthan normal, and excised portions float in water Microscopically, 
the capillaries of the air cells are seen to be congested and m the air cells are 
a few leukocytes, red blood cells, desquamated epithelial cells, small strands 
of fibrin and a large amount of serum This stage lasts but a few hours as 
a rule, but may persist longer As patients seldom die in this stage, oppor- 
tunities for its careful study are rare 

In the stage of red hepatization the portion of the lung affected is solid, 
aiiless, and of a general brownish-red color relieved only by the caibon 
depositions m the Runphatics or by the grayish-yellow pleural exudate almost 
constantly present The lung is firmer and heavier than normal and its size 
IS equal to that at full inspiration Not infrequently it shovs depressions 
corresponding to the lines of contact iMth the ribs The cut surface is com- 
paratively dry, reddish-brov n in color and presents a uniform fine granular 
appearance due to the protrusion of fibrin plugs from the air cells From 
this surface a reddish sticky fluid u itli fine granular plugs may be scraped 
The lung is very friable and may readily be torn A thick mucus may be 
present m the large bionchi and fibnnous plugs occlude the smaller 
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Microscopically, the alveoli are seen to be filled with a network of fibrin 
m the meshes of which are red blood cells, leukocytes and a few desquamated 
epithelial cells A similar exudate may be seen in the terminal bronchi 
The walls of the air cells and the supporting tissue about larger vessels and 
bronchi are oedematous and infiltrated by leukocytes By proper stains 
diplococci may be demonstrated in the midst of the exudate The fibrin at 
times may be granular or compressed and have a hyaline appearance It is 
more abundant at the periphery of the alveolus and not infrequently a mass 
of fibrin may be seen to extend from one alveolus into another, normal 
openings allowing such passage have been demonstrated by Hansemann 
The bloodvessels, though compressed, are usually pervious, thrombi, 
however, are occasionally seen The fibrin stars of Hauser may not infre- 
quently be seen m the bloodvessels or lymphatics or even m the oedematous 
interstitial tissues The lymphatics are distended with cells, fibrin, and 
coagulated serum, and their endothelium shows evidence of proliferation 
Phagocytic cells may be seen especially in the later periods, as may also 
lymphoid and plasma cells (Pratt) 

In the third stage (gray hepati7ation), the color of the lung changes to a 
gra)ash-white, the surface is more moist, the granular plugs more prominent 
The consistence of the lung is the same or slightly less than in the stage of 
red hepatization A larger amount of distinctly turbid fluid may be scraped 
from the surface As resolution begins the consistence diminishes, the plugs 
disappear and the surface is bathed in a purulent fluid — a state frequently 
referred to as puriform softening Distinct abscess formation, how'ever, 
seldom occurs Microscopically, the air cells are seen to be filled with poly- 
morphonuclear leukocytes, the fibrin becomes granular and is obscured % 
the leukocytic infiltration, and the red corpuscles appear only as shadows 

As resolution, frequently termed the fourth stage, advances, the fibrin and 
red cells are dissolved, the epithelial cells and leukocytes become fatty, phago- 
cytic cells may become prominent and repair of epithelium evident The 
lung becomes softer and gradually assumes its normal appearance The 
bulk of the exudate is removed by absorption, recent investigations having 
shown that resolution is brought about largely by autolysis of the exudate 
due to a proteolytic enzyme w'hich is much more abundant in the stage of 
gray than in red hepatization This enzyme is apparently set free by the 
leukocytes 


While these several stages are ascribed to the course of a pneumonia it is 
not to be supposed that in all cases they aie absolutely distinct They merge 
gradually one into the other and not infrequently red and gray hepatization 
may be seen side by side, wdiile puriform softening in one portion of the lung 
and early repair m another portion may also occur 
An idea of the distribution of the solidification and of the extent of involve- 
ment of the lung may be obtained from the following summary of Osier’s 
hlontreal statistics, based on 100 autopsies ”In 51 cases the right lung w^as 
affected, m 32 the left, in 17, both organs In 27 cases the entire lung, with 
the exception, perhaps, of a narrow^ margin at the apex and anterior border, 
w'as consolidated In 34 cases, the lower lobe alone w'as involved, m 13 
cases the upper lobe alone When double, the lower lobes were usually 
affected together, but in 3 instances the lowmr lobe of one and the upper lobe 
of the other w ere attacked In 3 cases also, both upper lobes were affected. 
Occasionally the disease involves the greater part of both lungs In a third 
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of the cases, red and gray hepatization existed together In 22 instances 
there m as gray hepatization As a rule, the unaffected portion of the lung 
is usually congested or cedematous When the greater portion of a lobe is 
attacked, the unmvolved part may be in a state of almost gelatinous oedema 
The unaffected lung is usually congested, particularly at the posterior part 
This, it must be remembered, may be largely due to postmortem subsidence 
The uninflamed portions are not always congested and cedematous The 
upper lobe may be dry and bloodless ivhen the lower lobe is uniformly con- 
solidated The average iveight of a normal lung is about 600 grams, ivliile 
that of an inflamed organ may be 1,500, 2,000, or even 2,500 grams ” 

Accidents of Hesolution — ^These include organizing pneumonia, 
abscess and gangrene 

Organizing Pneumonia — Occasionally the pneumonic exudate is not 
absorbed but remains in the air spaces Under such circumstances the 
material m each alveolus becomes essentially a foreign body and the sur- 
rounding tissues inaugurate other methods for its removal The process of 
removal is similar to that ivhich takes place in the canalization of a thrombus 
or the removal of any necrotic material The cells of the walls of the ah’’eoli 
proliferate and neiv connective tissue cells in fine protoplasmic piocesses 
penetrate the exudate These processes become canalized, form new blood- 
vessels, and about them new connective tissue develops, so that eventually 
the exudate is replaced by a new fibrovascular tissue This new tissue grad- 
ually coalesces with the walls of the alveoli and with the interstitial tissue, 
^o that the involved portion of the lung is eventually transformed into a 
dense, firm, fibrous, airless mass Although the exudate has been removed, 
or rather, replaced, the area of lung affected remains functionless The 
condition is termed organizing pneumonia, chrome interstitial pneumonia, 
induration of the lung, or occasionally, fibrosis of the lung Under such 
circumstances the cut surface of the lung is reddish-brown in color with a 
smooth glistening surface It is firm, dense, elastic, and can not readily he 
tom Abundant pleural adhesions are usually present 

Abscess — ^This is a rare complication Laennec found but 5 or 6 
cases among several hundred autopsies Aufrecht found 3 in 253 fatal cases 
of pneumonia, Musser 2 m 195 cases, Pearce 3 in 121 cases Grisolle has 
collected 29 cases, and Tuffier m a study of 49 operative cases found a history 
of fibrinous pneumonia in 23 The abscesses are usually small, though a 
caMty 15 cm in diameter has been described, have an irregular sinuous 
outline with projecting shreds of tissue and are usually near the surface of 
the lung A distinct organizing wall is seldom seen Indeed, the condition 
lesembles more closely necrosis in an inflamed tissue The pneumococcus 
is usually present (Zenker, Pearce), though Cohn found the bacillus of 
Friedlander m his case 

Gangrene — Gangrene is also a rare termination Grisolle in his report 
of 305 cases of pneumonia does not note this condition and in an analysis of 
70 cases of pulmonary gangrene wdiich he collected from the literature he 
did not find more than 5 which could be considered as occurring in the 
course of fibrinous pneumonia Aufrecht m a study of 1,501 cases of pneu- 
monia did not meet wuth a single case of gangrene The appearance of 
gangrene secondary to pneumonia is similar to that occurring under other 
conditions Concerning the conditions w'hich determine necrosis little is 
known It is assumed that abscess formation usually precedes the putre- 
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factive changes Microorganisms of putrefaction are of course present and 
also, as a rule, pyogenic cocci 


ASSOCIATED LESIONS AND COMPLICATIONS OF LOBAR 

PNEUMONIA 

Congestion of the bronchi and upper air passages, •with usually catarrhal 
inflammation of the former, is the rule Hjiierplasia of the bronchial lymph 
nodes is constant Except in the rare condition of central pneumonia the 
pleura is practically always involved The exudate may be limited to the 
area over the inflamed lung or may be more diffuse It varies in character 
from a slight clouding due to fibrinous exudate with or without punctate 
hemorrhages to a thick serofibrinous or fibrmopurulent exudate Large 
serous effusions v ith more or less fibrin may occur More rarely a definite 
empyema may develop 

Pericarditis, usually serofibrinous, occasionally purulent m character, 
IS not infreq^uent 

Endocarditis occurred m 16 of Osier’s 100 autopsies In 209 cases of 
endocarditis from the literature, 54 occurred in the course of pneumonia, 
while in Well’s collection of 517 cases there was an antecedent history of 
pneumonia in 22 3 per cent The lesion is more commonly of the ulcerative 
type and does not differ in its pathology from endocarditis of other etiology 
The aortic valve is not frequently affected 

Meningitis is not infrequent Osier found it in 8 of 100 autopsies, Auf- 
recht in 7 of 253, and Pearce in 2 of 121 Councilman believes the frequency 
of pneumococcus meningitis is greatly overestimated and especially its 
frequency secondary to pneumonia The pathology is in general similar to 
that of epidemic meningitis, vith the exception, as Councilman points out, 
that purulent infiltration of the cord and brain and extension along the neives 
are less marked On the other hand, endovascular lesions are more 
prominent 

Less frequent complications due to the pneumoccocus are peritonitis, 
arthritis, otitis media, parotitis and abscesses of varied location Occasional 
complications with anatomical lesions, not definitely known to be due to the 
pneumococcus, are arterial thrombosis, phlebitis, gangrene, and croupous 
or diplithentic inflammations of mucous membranes, as of the colon, stomach 
and more rarely of the mouth or pharynx (Carey and Lyon) 

Degenerative changes in the parenchymatous organs are usually evident 
Cloudy svelhng of the heart, liver, and kidneys occurs and sometimes fatty 
transformations of these organs Acute nephritis, usually of the glomerular 
type with proliferation of the capsular epithelium, may occur, the exudative 
Lq^e is very rare The spleen is often enlarged and with the ]}Tnph nodes 
may show nroliferation of endothelial cells 

Metaboiisni in Pneumonia — Atwater and Langworthy hav'e studied 27 
cases and found that "The assimilation of the nitrogenous constituent" of 
the food m the fev^er period n as in all cases poorer than during convalescence 
In the fever period and during two or more days of convalescence an intensi- 
fied destruction of the protein of the tissues took place During the time of 
convalescence, when the patients began to take sufficient food, a part of the 
nitrogen of tne food was retained The increased outgo of nitrogen in the 



500 


INFECTIOUS DISEASES 


urine m the period immediately after the crisis may be chiefly accounted for 
by the intensified destruction of proteid tissue The ratio ot the extractives 
to uric acid and urea was higher than normal in all cases in the fever period, 
and in the majority of cases during convalescence ” 

Cook studied 22 cases in the endeavor to establish some definite relation 
betv een the amount of nitrogen excretion and the rate of absorption of the 
exudate vhich might be of practical prognostic value He concludes that 
the amount of nitrogen excreted is usually greater than that which would 
correspond iMth the amount of the original exudate He holds that this 
excess is largely due to a continuation of the formation and absorption of the 
inflammatory exudate plus other tissue destruction With delayed resolution 
the nitrogen output remains high He believes that this indicates a continued 
local inflammation, and that such cases are really examples of true chronic 
pneumonia When resolution is rapid the leukocyte curve closely simulates 
the curve of nitrogen excretion, which would seem to indicate that the white 
corpuscles play an important part in the production of resolution 
There is frequently a great loss of bodily weight in pneumonia Aufrecht, 
who weighed his patients on admission, after the crisis, and 'fter discharge, 
found that indmduals ranging m weight from 130 to 150 pounds frequently 
lost 20 pounds during the course, although this loss was rapidly regained, and 
at times the original weight exceeded after convalescence 
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THE SYMPTOMS OF LOBAR PNEUMONIA 


Incubation — T his may be short and in some cases reported by Callender 
ranged between two and three days Edsall and Ghnskey’s epidemic 
indicated that it might be less than forty-eight hours Traumatic pneu- 
monias aie extremely interesting in this relation and the time between the 
injury and the onset is very brief Thus, in one of Musser’s cases, the period 
uas less than twenty-four hours Some authorities give a much longer 
interval, Penkert, for instance, places the incubation at from five to eight 
days 

Prodromes — ^In some instances certain prodromes, such as malaise, 
headache, angina, gastro-intcstinal disturbances, etc , may replace or precede 
the chill In the appended table the frequency of various prodromes, as 
occurring in collected cases are recorded 


Chest pain 

Anorexia 

Headache 

Malaise 

Vomiting 

Abdominal pain 

Hiemoptysis 

Delirium 

Convulsions 

Somnolence 

Insomnia 

Tonsillitis 

Parotitis 

Epistaxis 


2,165 in 3,974 = 54 4 per cent 

12 m 62=22 “ “ 

607 m 3,525=17 " “ 

417 m 2,320 = 18 " “ 

192 m 1,328=14 " “ 

13 m 1,129 =11 “ “ 

27 m 2,108= 13 “ ‘ 

10 m 1,489 = 0 67 “ ‘ 

29 m 2,691 =10 “ ‘ 

C m 989 = 0 60 “ “ 

5 m 1,001 = 0 49 " “ 

16 m 3,394 = 0 47 “ “ 

10 m 2,655 = 0 37 “ “ 

3 m 1,208 = 0 24 “ “ 


Undoubtedly prodromata would be more frequently encountered if their 
existence were more carefully investigated Traube, who paid considerable 
attention to this question, held that such was the case, and further stated that 
in some instances definite prodromes lasting from several days to wrecks 
occurred Grisolle noted prodromes in 50 out of 205 cases (24 per cent ), 
and found that they were more common during the third and fifth decades 
of life Quite often we find that the patient has had a larjmgitis, coryza or 
bronchitis, for some time before the onset of the pneumonia The last- 
named author encountered a preceding bronchitis m 19 out of 50 cases (38 
per cent ) ^ 

' ^Ol, 2—36 
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Onset — ^An abrupt onset is the rule Among 1,276 cases with exact data, 
80 per cent began suddenly and 20 per cent insidiously The character of 
the attack which is to follow is not infrequently suggested by the manner of 
its beginning Thus, a rapid onset, with a marked chill, pain in the side and 
a high temperature, often leads to a sthenic attack, prominent sjinptoms, 
sudden termination by crisis, and prompt resolution On the other hand, a 
gradual beginning, with vague symptoms, and lover pyrexia, is often 
followed by a protracted course, defervescence by lysis, lingering consoli- 
dation, or untoward sequelae 

As has been indicated, the prodromes are often in no vise charactenstic 
of the disease, but are those common to a host of infectious fevers Such 
symptoms may be referred to practically any organ or part of the body A 
certain number of the patients present a mental attitude of apprehension 
and vague alarm, which is very suggestive 

The stage of invasion, however, is usually very characteristic Generally a 
well-marked rigor is promptly followed by a rapid rise in the temperature, 
cough, pain and dyspnoea The chill is often severe, lasting from one to 
several hours, the patient feeling very cold, shaking from head to foot, with 
teeth chattering, cyanosed lips and icy extremities Chills are said to be 
more common during the cold months Soon the picture changes, the 
patient recently agonized by frigidity feels overheated, the cheeks are 
flushed, often more intensely on the side corresponding to the lesion The 
pjTcxia may be actually not much greater than during the rigor but the 
patient now becomes conscious of it The head throbs and feels as if it v ere 
bursting, the bedclothes are tossed aside The skin is suffused with a ruddy 
glov', feels dry and burning to the touch, thirst appears, the eyes glisten and 
an expression of anxiety appears Soon cough and pain increase The 
latter, vdiich has been lancinating, and located in the side of the chest, adds 
to the dyspnoea by restricting the respiratory movements and becomes more 
intense through continued friction of the inflamed pleural surfaces 

The exact relation of the chill to the pulmonary condition is uncertain 
Some observers maintain that the disease begins in the lungs and that the 
chill corresponds to the time at which large doses of toxin are absorbed into 
the system , others hold that the rigor represents the period at which general 
systemic infection takes place Opposed to the latter vieiv is the fact that 
the pneumococcus can sometimes be obtained from the blood of patients 
vuthout any demonstrable lung lesions or the history of a chill Also such 
cases as have been reported by Syers are against it, in vdiich all the cardinal 
sjnnptoms of pneumonia, including termination by crisis, v'ere present, but 
in which no physical signs could be demonstrated although repeated careful 
examinations were made In other words, pneumonia is a general infection, 
with local manifestations in the lungs The virulence of the toxin elaborated 
by the pneumococcus \aries greatly in potency, and it is conceivable that in 
one instance a focus limited to the lungs might be sufficient to produce a 
rigor, vhile vith a less virulent strain a systemic infection might be required 
to bring about similar results Whichever view we are inclined to take, ve 
must explain the production of the prodromes, particularly chill, vomiting 
and convulsions, by the fact that certain irritative substances are carried to 
the central nervous system, and that these symptoms are referable to a cere- 
bral disturbance (Aufrecht) 
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The figures of 12,402 cases are as follows of 9,861 cases, 5,731 or 58 18 
per cent had a rigor, of 2,334 cases, 703 or 30 12 per cent had chilliness, 
of 217 cases, 27 or 12 44 per cent had repeated rigors, of 1,705 cases with 
chill, 366 or 21 47 per cent died, of 193 cases without chill, 27 or 14 per cent 
died Stoertz obtained a history of chill at onset in 42 47 per cent , Menge 
57 6 per cent , and Morhart 41 7 per cent of their cases The last-named 
author eneountered chill or chilliness in 79 8 per cent He also found in 104 
cases, that the onset oceurred in the morning m 37, m the evening in 33, at 
noon in 23, and at night mil Muller found that 9 cases out of 44 had 
repeated chills The presence or absence of this symptom appears to depend 
more or less upon the character of individual attacked Thus, in the aged 
and in the subjects of chronic disease chill is less common than in robust 
adults 

Senile pneumonia begins very insidiously and often without symptoms of 
any sort until the patient is far gone In some cases nervous symptoms are 
predominant, such as severe headache, delirium, mama or convulsions The 
last-named are noted most often m children, but it is probable that even in 
them the frequency of this condition has been very much overrated A fair 
proportion of the children who have been subject to convulsions at the time 
of onset of different infectious fevers develop epilepsy later in life, in other 
v ords, the nervous system has been susceptible from the beginning 

Earache on the side of the pneumonia is sometimes of sufficient severity 
to be for a time the predominant feature This may occur independently 
of any local inflammation and disappears within a day or two There is no 
discharge, no deafness and no perforation of the drum Two such cases 
occurred in a series of 500 collected by the junior author at the Pennsylvania 
Hospital, Philadelphia jMeltzer has reported several cases occurring in 
children ranging m age from eighteen months to eight years This con- 
dition apparently occurs only in children who have had otitis media It is 
accompanied by local tenderness 

PatJi at the time of onset is extiemely common It usually takes the form 
of “a stitch m the side,” is lancinating in character, agonizing in intensity, 
and may be limited to the chest or radiate to other regions such as the upper 
abdomen Grisolle states that chest pain occurs in 90 per cent of the cases 
It is less severe when the upper lobes are attacked, in central pneumonia, 
and in children Among the last-mentioned class, however, there are fre- 
quent exceptions Among 309 cases Grisolle found pain m 272, in 251 it 
occurred vitliin the first twelve hours, m 17 m from twelve to twenty-four 
hours, and in 4 between the second and fourth day Among 173 cases it u as 
lefeired to the nipple region m 89, to the base of the chest m 39, below or 
outside of the nipple m 13, in the remaining cases it was variously distribv 
uted 

The pain sometimes occurs on the opposite side of the chest to that affected , 
lery often, honevei, it corresponds to the site of the consolidation, and 
fiequentlj a friction rub may be heard either directly beneath or in close 
proxiniity to the site of the lesion It is usually increased by pressure, the 
patient often complaining bitterly when the region is percussed On the 
other hand, film pressure sufficient to produce immobility, such as is exerted 
by the entire hand or by the application of adhesive stnps, often relieves it 
Accoidmg to Muller it is caused by a lynnphangitis of the pleura, due to the 
invasion of the pneumococcus Its onset is usually simultaneous mth the 
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chill, but at tunes it precedes or rapidly follows the latter The duration of 
the pain is variable It may disappear Avithin a few hours or last for several 
days, but it is not usually a prominent feature in the latter days of the attack 
It IS but little in evidence in most of the senile and asthenic pneumonias and 
IS not noticed by delirious patients at all Severe pain often, but by no means 
always, indicates a severe attack of pneumonia Characteristic of it is the 
fact that it IS greatly aggravated by talking, breathing, sneezing and coughing 
and that it is greatly amelioiated by immobilization of the chest Occasion- 
ally it IS accompanied by cutaneous hyperiesthesia Besides the actual pain, 
the patient sometimes complains of a vague sensation of oppiession and 
weight in the chest - 

Abdominal Pam — It has happened that patients have been seized ivith 
such violent abdominal pain, accompanied by rigidity of the abdominal 
muscles, that laparotomy has been performed for a supposed appendicitis 
when the peritoneal cavity proved to be entirely normal, and a subsequently 
manifested pneumonia turned out to be the cause of the abdominal disturb- 
ance Chatard found abdominal pain 51 times in 658 pneumonia patients 
(7 7 per cent ) Griffith has reported numerous instances m children, and 
collected a numbei from the literature The possibility of such a condi- 
tion should therefore always be borne in mind, and if this is done a correct 
diagnosis can be made in the vast ma]ority of cases 

Laennec noticed that the pain of pleuritis was often migratory, and states 
that at times "from the onset of the disease we have a stitch on the right side 
and a pleuritis on the left ” Huss explains the occurrence of pain on the 
opposite side by the anastomosis which at times occurs between the right and 
left intercostal nerves According to Barnard, who has dealt vitli the sub- 
ject, Andral, Watson, and Fagge recognized the fact that disease or irrita- 
tion of the pleuraj might cause severe abdominal pain The abdominal wall 
IS supplied with sensory nerves by the loiver six intercostal nerves — the ante- 
rior divisions of the dorsal nerves The same nerves supply a part of the 
parietal and diaphragmatic pleura Irritation of any of the terminal branches 
may be referred to the rest Franzel believes that intercostal neuritis often 
results from pleurisy but the frequency of this seems to be doubtful The 
skin over the iliac region is supplied by the eleventh nerve and it is therefore 
not surprising to find pain resulting from pleuritis which closely simulates 
appendicitis, etc 

Another explanation is also possible Pleuritis involving the diaphragm, 
pericardium, or costal surfaces, may from its close proximity cause irritation 
of the phrenic nerve, Avhicli, according to Henle, Luscha and others, is 
regarded as a mixed, not a solely motor nerve It is said to give off sensory 
fibers to the sub-diaphragmatic peritoneum, as v ell as to the pericardium, 
the costal and diaphragmatic pleura Through its connection with the 
vagus, Ave can readily account for gastro-mtestinal and cardiac symptoms 
Avhich might otherAA ise seem obscure 

Rohrer considers that abdominal pain is, especially m children, often due 
to inflammation of the diaphragm itself Head “believes that m certain 
cases there may be abdominal pain A\hen the lung is involved Avithout the 
pleuia, e g , m bronchitis, tuberculosis or bronchopneumonia He states 
that through the communicating branches of the seventh, eighth, and ninth 
dorsal nen'es, a\ hicli branches supply the lungs, impulses originating perhaps 
in a small inflammatory pulmonary focus may be carried up to the posterior 
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root ganglia From the abdominal wall normal impulses pass from the 
epif^astric and hj^iochondnac regions to these same ganglia If, through the 
abnormal impulse coming from the lung, the ganglia have become disturbed 
m their function, the normal impulses from the abdomen may be distorted, 
z e , misinterpreted into painful impressions” (Herrick) 

On the other hand, m a certain number of pneumonia patients we may 
have to do with actual pathological abdominal conditions, as complications 
such as acute peritonitis Griffon and Bezancon have experimentally pro- 
duced ulceration of the stomach m guinea-pigs as the result of pneumococcus 
septiciemia Rathery has reported a case of double pneumonia with fatal 
hemorrhages from the intestine, in which at autopsy the entire colon was 
spotted with punctiform hemorrhages Jonesco has recorded a case in 
i\ hich the intestine showed hemorrhagic foci without ulceration or erosion 
Inasmuch as only colon bacilli could be demonstrated in the lesion, the con- 
dition seemed to be primarily toxic, with secondary infection Rose in- 
stanced everal cases of pneumonia in which abdominal pain resulted from 
local pathological conditions such as intussusception It is evident, there- 
fore, that we are dealing with 'a complex problem 

The onset of pneumonia is sometimes accompanied by episiaxis, which 
usually occurs m plethoric individuals Hmmoptysis has been described by 
a number of observers Hood’s experience shows that while this symptom 
should make us suspicious of tuberculous disease yet it sometimes occuis 
purely as the result of the pneumococcus infection The hemorrhage may 
be severe, m one of Hood^s patients, the expectorated blood amounted to 
half a pint and this was repeated several times during the attack Complete 
recovery ensued On the other hand, the recent investigations of Flick, 
Ravanel and Irwin, at the Phipps Institute, Philadelphia, strongly suggest 
that the pneumococcus plays an important etiological role in the production 
of hemorrhage m tuberculous individuals 
Hsemoptysis occurred in 27 out of 2,108 cases collected by the writers (1 3 
per cent ) The amount of blood lost may be sufficient to seriously influence 
the course of the disease but this is extremely rare Aufrecht has seen but 
one case of large hemorrhage The senior author has encountered the condi- 
tion twice, once in a woman of forty and once in a lad of sixteen, m the course 
of a second attack of pneumonia which developed five days after the crisis 
of the first Among 16,711 cases of haemoptysis collected by Strieker, only 
7 occurred in pneumonia 

Tonsillitis preceded pneumonia in less than 0 5 per cent of the writers’ 
cases Cornil succeeded in demonstrating pneumococcus in the majority of 
his cases, an experience which was corroborated by that of Netter Land- 
graf has reported laryngiti s as a fairly frequent occurrence, which he con- 
sidered due to excessive coughing, nhile Fraenkel is inclined to believe that 
the pneumococcus may have been the etiological factor in its production 
More or less headache is usually expenenced at the onset, its severity 
often abates as the attack progresses It is sometimes a prominent symp- 
tona in children, and according to IVells also in the aged, being frontal in 
sucli cases Headache occurred m 17 per cent of the v riters’ collected cases 
It IS at times sufficiently acute to suggest meningitis Vertigo and simcom 
as prodromes are rare r 


Conrnhmis occurred in 1 per cent of the writers’ cases They are 
encountered in children, epileptics, neurotic individuals, drunkards and the 
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insane According to Kulin, “-when they appear in indi\iduals free from 
nervous troubles they indicate a hereditary neuropathy ” 

Dehnum in pneumonia may arise from various causes fever, toxmmia, 
inanition, delirium tremens, cyanosis and meningitis Among 1,0-lS patients, 
988 were Avell fed, of these 175 or 17 7 per cent died, and 60 weie insuffi- 
ciently nourished, of vhom 15, or 25 per cent died Louis and Andral found 
delirium in 20 per cent of their patients, Grisolle, Briquet, and Huss, m 8 12 
per cent It is said to be more common when the apices are involved 
Among collected cases, 1,343 in 7,624 had dehnum (17 pei cent ) In the 
cases reported by J McCrae, Fyshe and Amley, 90 per cent of the fatal 
ones had dehnum but only 20 per cent of the non-fatal, and more than 50 
per cent of the delirious cases, died In 447 cases, 156 were delirious, of 
these 93 were alcoholics and 64 non-alcohohcs Hemze reported 317 cases, 
98 of these had severe nervous symptoms, of these 40 per cent v ere apical, 
and 25 per cent basal cases Regaiding the number of lobes involved. Sears 
and Larrabee found delirium m 27 pei cent of 590 with one lobe, in 37 per 
cent of 233 with two, in 35 per cent of 99 with three, in 50 per cent vith 
four and in 100 per cent with four lobes involved 

The pyrexia may increase but does not necessarily affect the delirium 
The character of this symptom varies from slight incoherence to maniacal 
excitement In senile and asthenic patients, it is apt to be of the stuporous 
muttering variety It is said to be more common in men than in v omen, but 
if the alcoholic subjects be excluded the proportions are about equal Its 
existence depends much upon individual factors and upon epidemic chai- 
acteristics It is often worse at night and sometimes only present then and 
during the time when the disease is at its height The onset is often very 
sudden, and, as delusions are by no means rare, these patients have to 
be most carefully watched lest they do injury to themselves or to others 
Delirium with or after the crisis occurred m 6 out of 239 of Pohlmann’s 
cases In 150 cases Eisner found 4 cases of postcritical delirium, coming 
on from three to ten days after the subsidence of the fever , 3 terminated 
fatally 

Delirium due to cerebral congestion appears about the fourth or the sixth 
day, generally lasts only a short time and is attended by a high mortality 
It may be of the low mutteimg or of the delirious maniacal tjqie In alcohol- 
ics it IS apt to persist after the defervescence Not rarely it is followed by 
confusional excitement v ith delusions of persecution, or of grandeur, the 
latter being associated with hallucinations, flights of ideas, and an impulse to 
constant movement Postcritical delirium generally results from cardiac 
or vasomotor enfeeblement, with consequent venous stasis and cerebral 
oedema This form of dehnum occurs chiefly in the debilitated or the de- 
bauched It IS associated with great prostration, insomnia, hallucinatory 
confusion, flights of ideas, and symptoms of collapse Delusions are usually 
terrifjnng in character — ^persecution, poison, sin, — ^but those of exaltation 
also occur The duration varies from a few days to months About 84 per 
cent recover (Kraftt-Ebmg) 

An attack of pneumonia is extremely likely to precipitate mama potu in 
the alcoholic This follows its usual course and very often ends m death 
Of 8,998 collected cases, 383 had delirium tremens (4 26 per cent ) , among 
357 of these, 132 or 36 97 per cent , died Insanity has been knovn to 
follow the dehnum of pneumonia 
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Insomma as a prodrome occurs m a small proportion and appears through- 
outThTSil from I, me to time from mantteet oaus« It ts vey probable 
ho^Yevel, that the patient in snatching a few minutes sleep at a time, is 
getting much more rest than is generally realized We do, nevertheless, se 
mtients who remain wide auake both night and day for a considerable 
period Such cases go far to ]ustify the large doses of opium employed by 
Lrae practitioners On the other hand, it is better that the p^^ient be alert 
than tliat he be stuporous Sturges has written very aptly. The best fea- 
ture of his condition— which was a grave oner— was his acuteness ot per- 
ception and attention to his own distress " It is much easier to quiet 

restlessness than to arouse from stupor 

Fever — The temperature range vanes greatly In sthenic attacks occur- 
rme m healthy adults it lies between 102° and 105° F Many authorities 
consider the higher temperature as favorable, bespeaking a vigorous reaction, 
as opposed to those instances in w'hich the temperature is only sligmly ele- 
vated Apitevia IS encountered chiefly among those who are enfeebled by 
age dissipation or chronic disease, Traube mentions it as occurring in cases 
complicated by cardiac disease Ashton and Landis found 9 with subnormal 
temperature among 991 cases occurring in the almshouse at Philadelphia, all 
died of uraemia Noica has recorded a case m which during an eight-day at- 
tack of pneumonia, m a man aged sixty-four years, both the axillary and the 
rectal temperatures i\ere persistently more than 3 degrees below normal 
In the majority of cases the fever is of the continuous type Daily varia- 
tions occur as in health, but the entire tracing is elevated several degrees 
above the normal Occasionally the fever is remittent during the first few 
dajs “Small differences are noted m mild as well as in the severe cases, 
especially m the latter the average slight remissions alternate not only with 
the greater ones, but with the intercurrent drops, and these intense, pro- 
tracted cases not rarely later terminate by lysis” (Aufrecht) Lebert states 
that an irregular temperature curve is of favorable prognostic import 

Generally the fever rises rapidly, but not always uninterruptedly imme- 
diately after the chill Jurgensen states that “If women are taken ill with 
pneumonia during the time at which their menstruation should occur, very 
high temperatures are usually noted ” The accompanying chart graphi- 
cally illustrates the maximum height of the temperature in a series of 1,443 
cases (Preble) 



Instead of a continuous tjqie of fe^er, remissions occur dunng the first few 
dais or irregularly throughout the fastigium This may be due to infection 
with other orgamsms than the pneumococcus A relapsing type of fever is 
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sometimes seen, a rapid defervescence being followed by an afebrile period 
lastmg a variable number of hours, and terminating suddenly by a rise to the 
original height This secondary elevation may be followed by the final 
cnsis or by a second or even third pseudocrisis Accompanying such drops 
in the temperature there may be no corresponding change m the character 
of the pulmonary consolidation Sometimes, however, each recrudescing 
fastigium IS accompanied by the involvement of a new area, being thus 
somewhat akin to wandering or migratory pneumonia Pseudocrises are 
in favorable cases followed by the true crisis after a short time In other 
instances the recrudescence is but the harbinger of an extension of the moi- 
bid piocess 

The crisis is sometimes immediately preceded by an increase of the pyrexia 
— critical perturbation — it being at the time impossible to determine whether 
such a rise heralds impending death or a rapid termination of the disease 
Very high temperatures are very often fatal, but by no means necessarily so 
There are records of hyperpyrexia from 107° to 113° F followed by recoveiy 
Ironside has reported an instance in which the temperature reached 109° F 
on the seventh and 109 5° F on the fourteenth day of the disease In 
the aged and m children the internal temperature may be much higher than 
it IS at the surface, for accuracy therefore measurements should be taken 
in the rectum 

The duration of the fever in 1,987 cases collected by the writers was as 
follows 


Duration of Fever 

Cases 

Per Cent 

Tavo days 

4 

0 2 

Three days 

32 

1 6 

Four days 

86 

4 3 

Five days 

195 

9 8 

Six days 

198 

10 0 

Seven days 

346 

17 4 

Eight days 

280 

14 1 

Nine days 

203 

10 2 

Ten days 

183 

9 2 

Eleven days 

96 

4 8 

Tweh^e days 

81 

4 1 

Thirteen days 

38 

1 9 

Fourteen days 

74 

3 8 

Fifteen days 

28 

1 4 

Sixteen days 

20 

1 0 

Seventeen days 

21 

1 1 

Eighteen days 

37 

1 9 

Over eighteen days 

65 

3 3 


Pulse — ^At the onset the pulse as a rule bears the usual relation to the 
temperature but falls behind the respiratory rate It tends to be more rapid 
m children than in adults, m Avomen than m men, and in persons of small 
than of large stature At the beginning of a sthenic attack it is full and 
bounding, assuming the type which Avas formerly considered a signal for 
A^enesection Gradually, as the disease progresses, it becomes smaller and 
AAeaker This is particularly the case if much lung tissue is consolidated, 
the right heart overtaxed, and in patients AAdio are markedly toxic Some- 
times the pulse is much affected by the respiratory movements The fol- 
low mg table, based upon 1,064 cases, is taken from Preble. 
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Below 100, maxinium rate 

100 to 110 

110 to 120 

120 to 130 

130 to 140 

140 to ISO 

150 + 


Per Cent 
5 3 
11 5 
13 3 
27 0 
13 5 
11 7 
7 8 


The pulse rate is regarded by many as a reliable prognostic sign, thus 
Griesinger states that of those with a rate higher than 120, ovei one-tbird 
die Sears and Larrabee found that the death rate bore a direct relation to 
the rapidity of the pulse and the amount of urine voided Certainly the 
mortality increases very rapidly when the pulse rate passes 125, a figure 
which of course does not refer to children, in whom a range of 120 to 200 is 
not so very rare But we must not place our estimation upon the rapidity 
alone , the rhythm, volume and tension are of even greater importance Any 
deviations from the normal in respect to the character of the pulse call for the 
most careful attention, and, as a general rule, the earlier in the course of the 
disease they appear, the less favorable is the outlook ‘Tf the evening pulse 
takes on the hesitating character shown in the sphygmogram by a broken 
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ascending line, the prognosis is grave It coincides with feeble arterial 
tension, and cardiac failure due to myocarditis” (Carriere) “In all cases 
of acute lobar pneumonia that I have met, when the pulse showed even an 
occasional irregularity before the crisis was reached, death supervened I 
have not found a single exception to this rule for over ten years, and while 
extended experience may prove it fallacious, irregularity of the pulse with 
pneumonia must, at all events, be looked upon as a most serious symptom 
In pneumonia the amount of arterial pressure, the rate of the pulse, and its 
rip thin, are each of them among the most important indications we possess 
Within a fev hours after a rigor the fatal termination may be too plainly 
foretold by the character of the pulse I have rarely seen an adult with a 
pulse o\cr 140 recover” (Mackenzie) 

The foregoing arc statements to which doubtless some would take excep- 
tion, but coming from such an authority as hlackenzie they possess much 
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weight There can be no doubt that if the pulse were studied routinely by 
such instruments as Mackenzie’s clinical polygraph or Jacquet’s cardio- 
sphygmograph, which indicate so much more as to the state of the heart 
muscle than the sphygmograph, and if the results thus obtained were inter- 
preted not in their own light alone but in correlation to the data concerning 
the blood pressure, we should have much more accurate and satisfactory 
knowledge 

The foregoing sphygmogram was taken •nuth a Jacquet instrument, on the 
eighth day of a severe, massive, croupous pneumonia, in a man aged thirty 
years The latter half of the upper tracing shows the speed of the rollers 
increased thus producing a magnification of the pulse curves The second 
tracing is from the radial artery and has been added since the radial tracing 
on the first strip was incompletely reproduced 

The first line m the tracing represents the apex beat, the second the 
]ugular and carotid pulses, the third, the radial At the time these tracings 
were made the patient \\ as in an extremely precarious condition, m which he 
remained for several days, eventually recovering The pulse was 98, tem- 
perature, 100° F , respirations, 45 There was marked cyanosis, the 
external jugulars were enormously distended and visibly pulsating The 
heart was considerably dilated and enlarged, especially to the right, but there 
was marked accentuation of the pulmonary second sound There was a 
systolic murmur at the apex, at which point a forcible impulse could be seen 
and felt 

Cardiosphygmogram — ^The radial impulse isvery dicrotic, the rate rhythm, 
however, is fairly regular, successive ventricular systoles following each 
other at intervals of 0 8 second The jugular and carotid waves are both very 
large, omng to venous stagnation, and vascular relaxation respectively The 
regular alteration of large and small waves is apparently due to the effects of 
respiration, the pulse rate being about twice that of the respiration This 
V as brought about partly by the collapse of the veins during forcible inspira- 
tion The time elapsing between the beginning of auricular and of ventric- 
ular systole is slightly less than 0 2 of a second, conductivity being therefore 
normal The filling Avave which follows the carotid is very large, and occurs 
very quickly after the latter, bespeaking marked venous stagnation in the 
right heart The auricular wave is well marked, shovang that the auricle 
contracts with considerable force 

A cardiosphygmogram taken three days later, after the patient had had 
his crisis, shon ed a marked lessening of dicrotism in the radial artery and 
much less venous stagnation, the jugular pulse wave being mueh smaller, 
the filling v ave being noticably less in evidence and occurring later m the 
caidiac cycle 

The normal relation of the respiration to the pulse is 1 to 4 5, m pneu- 
monia it may be 1 to 3, 1 to 2, or even 1 to 1 In doubtful cases, with equiv- 
ocal physical signs, such a disturbance of the ratio is often very suggestive 
of this disease The postcntical pulse is slow unless cardiac weakness is 
very great, in some eases an actual bradycardia is encountered 

Blood Pressure — ^Fraenkel found in the majority of his cases moderate 
but constant hA^potension, with the Gartner tonometer In about one-third 
of the cases this was not the case Occasionally m sthenic cases tension v as 
increased for the first day or tw o Noms found no constant relations, nor 
did he observe, exeept m one case, a critical fall m pressure such as has been 
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described by Zadek, Cbristeller, and Ekgren Potam found normal pressure. 
Cook and Briggs, Gilbert and Castaigne, hypertension, Hayaski, Kauf- 
mann and de Bary, and Torchio found hypotension Gighosi, in 50 cases 
measured with the Riva-Rocci instrument, encountered slight pressure in 
favorable cases, while a sudden fall occurred coincidentally with cardiac 
dilatation Neither Hesen nor Mosen noted a fall of pressure at the time of 
crisis Janeway found consideiable daily variation, the pressure charts 
being, nevertheless, distinctly valuable therapeutic guides m a general way 
rather than fiom the absolute height of the readings “When one pictures 
the possible causes for variation in lobar pneumonia, the difference in indi- 
vidual reaction to toxiemia, m extent of lung tissue involved, the motor rest- 
lessness of some patients, the urgent dyspnoea of others, and the great 
likelihood of an asphyxial rise of pressure when cyanosis is extreme, there is 
little wonder at the somewhat discordant results” (Janeway) 

Another cause for discrepancy lies in the fact that a number of the above- 
mentioned observers used the Gartner tonometer, an unreliable instrument, 
which becomes doubly so in case of venous stasis, cyanosis and variation m 
the capillary tension 

Certainly it would seem that the systematic observation of the blood pres- 
sure, especially when the results are considered in correlation with the pulse 
rate, temperature and respirations, should prove a useful guide in antici- 
pating collapse, which often appears unexpectedly 

The Heart — Examination of the heart itself, aside from the rate, may 
reveal nothing abnormal but very often, especially during the latter part of 
the attack, we find functional murmurs either with or without dilatation In 
this latter condition the right side is the greater sufferer by reason of the 
obstruction to the pulmonary circulation The mere fact, hou ever, that the 
area of dulness extends beyond the right sternal border need occasion no 
alaim unless there be other evidences of cardiac weakness, as this may be 
produced by retraction of the lung According to Jurgensen, it occurs as the 
result of shallow breathing, u Inch, owing to lessened inflation of the lung, 
imposes less counter force to the elastic tissue, thus permitting the elastica 
to retract the overlapping pulmonary margins A second cause for apparent 
dilatation may arise from consolidation of the left lung, which tends to dis- 
place the heart to the right and a similar result may be caused bj a left-sided 
pleural effusion If the right middle lobe is infiltrated it may be almost 
impossible to outline the right cardiac border even by auscultatory percus- 
sion In some severe and fatal cases no cardiac dilatation may be demon- 
strable 

Functional murmurs are common, they may arise from relaxation of the 
mj ocardium, from the rigidity imposed upon the large vessels at the base by 
consolidation of the surrounding lung tissue, or from changes m the composi- 
tion of the blood Organic murmurs may result from preexisting valvular 
disease or from acute endocarditis, the possibility of the latter should always 
be borne m mind Of great importance is the character of the second sounds 
at the base The pulmonic sound is generally accentuated, sometimes 
reduplicated The disappearance of an accentuation is often a sign of 
ominous import, pointing to the fact that the ov^erburdened right heart is 
giving way and an acute dilatation impending IWien the upper lobes are 
the scat of the disease, the character of the second sound is less reliable, for 
the reason lint a neighboring consolidation may cause a weak sound to seem 
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clear and intense As in other forms of pulmonary infiltration, the heart 
sounds are often transmitted very distinctly to distant parts of the chest 

Cardiac weakness in pneumonia may arise from a number of causes, the 
commonest and most important of these are toxsemia, extensive pulmonary 
consolidation and hyperpyrexia The first of these may result either from a 
direct action of the poison upon the muscle itself — cloudy sv elhng, myocai- 
ditis — or indirectly through a paresis of the vasomotor system Eomberg 
and Paessler have shown that heart weakness in animals m the course of 
septicmmia due to the pneumococcus, B pyocyanevs and B diphtlienm, is 
only apparent, and that if the vasomotor system can be stimulated, the sjmip- 
toms of cardiac enfeeblement disappear Of course, conditions m the human 
being are more complex by leason of the obstruction in the pulmonaiy cir- 
culation but it IS only reasonable to assume that within certain limits the 
conditions are analogous 

Sudden syncope may occur at any time in the course of the disease, 
although this is rare, occurring according to Aufrecht in about 0 5 pei cent 
The pulse is rapid and small m volume, and the attacks, even in patients who 
recover, may last six or even twelve hours The usual symptoms of heart 
weakness, including cyanosis, dyspnoea, cold extremities and nervous 
derangements, occur Critical collapse, or at least a tendency toward it, is 
quite common It sometimes appeals at the beginning of the crisis, more 
rarely in the midst of it It is accompanied by chilliness, cold perspiration, 
dyspnoea, cyanosis, a weak rapid irregular pulse, mental incoherence and 
subnormal temperature With judicious stimulation these attacks are 
usually passed in safety, although death in the course of them is by no means 
unlcnown Collapse coming on a day or two after the crisis is much more 
grave, being usually an indication that the myocardium has sustained serious 
damage It sometimes happens that the patient falls back dead, after sitting 
up the first time, although there had been no indications of the precariousness 
of his condition In such cases one naturally thinks of an acute cardiac dila- 
tation or a pulmonary thrombosis as the cause of death 

Respiration — ^The character of the breathing is very significant, often 
absolutely diagnostic of the disease The respirations are shoit, shallow, 
voluntarily and involuntarily restricted, and accompanied by movements of 
the aim nasi Later on as pain diminishes and involvement becomes more 
extensive, they increase m depth, become more labored and the accessoiy 
muscles are called into action The rapidity is due in part to the pain 
and fever, in part to the amount of lung involvement, and m part to the 
toxmmia or cyanosis Washbourn has shown that mice infected vith the 
pneumococcus are dyspnoeic although pulmonaiy consolidation is absent 
Ov mg to the pain the respirations are not sufficiently deep , hence carbon 
dioxide accumulates and adds to the already overstimulated respiratory 
centre The truth of this is shovn by the fact that an injection of morphia 
vhich allays the pain will often cause the disappearance of the cyanosis 
and an alleviation of the dvspnoea The causes mentioned contribute to 
increase the respiratory rate far beyond the normal, in relation to the pulse 
and temperature and this increase may persist after the crisis, when the last 
named base fallen to normal or below it 

The gravity of the respiratory condition is not to be reckoned by the late 
alone Thus, vhen pain is a prominent feature, the breathing may be very 
rapid, and jet the patient is in much less danger than vhen the actual count 
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IS lower with cyanosis, distended jugular veins and cold extremities present 
The “expiratory grunt” is a sign of great diagnostic importance, especially 
in children It may occur although pain be absent 
The rate in adults usually ranges between 24 and 48 per minute, only 11 
per cent of Gerhardt’s cases had respirations over 40 per minute While an 
exact danger line is hard to draw', respirations of 50 or more, unless due to 
some definite cause such as great pain, mental excitement, pleural effusion, 
etc , are usually a cause for apprehension, especially with lividity and marked 
movements of the alie nasi Respirations of 90 to the minute have been 
lecorded Jurgensen has, in severe cases of arteriosclerosis, seen the respira- 
tions more rapid than the pulse In children the range is generally betw'een 
40 and 50 The senior author has seen a child aged tw'o and one-half years, 
with pneumonia, breathing 120 times to the minute The following table 
(Sears and Larrabee), based upon 740 cases over fifteen years of age, exem- 
plifies w'hat has been stated 


Number of Gases 

Respiration 

Per Cent 

45 

Below 30 

6 2 

200 

30 to 40 

27 

288 

40 to 50 

39 

107 

50 to 60 

14 4 

82 

60 to 70 

11 

18 

Over 70 

2 4 


Dyspnosa — Dyspnosa is rarely dangerous per se unless there exists a 
profuse bronchial catarrh, or oedema of the lungs It was a prominent 
feature in 71 out of 489 of Musser’s cases (15 per cent ) As w'ould be 
expected, dyspnoea is urgent in cases complicated by large pleural effusions, 
emphysema, scoliosis, etc , in w'hich expansion of the uninvolved lung tissue 
is restricted Cyanosis occurred in 119 of 1,239 of the ivriters’ cases (9 6 pei 
cent), it IS usually seen with large areas of consolidation, enfeebled pul- 
monary circulation, toxremia or oedema of the lungs 

Cough — Cough IS nearly always present, the exceptions usually being in 
the aged, in those complicated by delirium tremens, m apical lesions, and the 
pneumonias secondary to circulatory disease, typhoid fever and puerperal 
sepsis Cough was a prominent feature in 1,626 out of 2,534 collected cases 
(65 per cent ) Jurgensen very aptly remarks that “it is rarely useful, alw'ays 
troublesome, sometimes dangerous ” It appears early in the course of the 
disease, usually with or soon after the chill It precedes the latter symptom 
w hen bronchitis antecedes the pneumonia At first it is unproductive, parox- 
ysmal and extremely' painful Later on, expectoration appears and the 
cough maj partially abate, often, however, the paroxysms increase m sever- 
ity and duration as the attack progresses, severely taxing the patient’s 
strength by preventing sleep, the nerious sy'stem by' excruciating pain, the 
right heart by increased pressure, and the respiration by muscular stiffness 
and fatigue The sudden disappearance of cough is an unfavorable sy'mp- 
tom, not rarely heralding the onset of exhaustion, stupor or coma 

Sputum The sputum is at first scanty , frothy', w’hite or faintly streaked 
w ith blood, and niai contain diplococci In the course of a few' hours it be- 
comes lusti oi brick-dust m color, as the result of an increased admnxture 
With lilood, w Inch is uniformly mixed throughout a glairy menstruum Micro- 
bcopicalii many crenated red blood corpuscles are seen, the color is due m 
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part to these and in part to dissolved lisemoglobin To the naked eye it has 
a vitreous, glairy, semitranslucent appearance Later, leukocytes and shreds 
of fibrin cause it to become opaque Casts of the bronchioles and Curschmann 
spirals are also encountered Sometimes a grera color is met uitli either in 
the early or late stages of the disease, a condition which Nothnagel con- 
sidered due to changed bile pigment According to v Jaksch, hfemoglobin 
and bilirubin are changed to bihverdin in the lungs On the other hand the 
green hue may, as Rosenbach has pointed out, be produced by micioorgan- 
isms such as the Mtciococcus chlonnaki'} In the couise of time the sputum 
becomes less viscid and more profuse, the coloi changing from a pink to a 
citron yellow or saffron, gradually erythrocytes and leukocytes deciease, 
as do also the color and the amount of the alveolar epithelium, changes 
which become more pronounced during the stage of resolution 

The amount is small, rarely exceeding 2 ounces per day According to 
Osier it ranges from 150 to 300 cc "Huppert and Riessell found, m a pneu- 
monia of the entire left lung, that tlie maximum daily amount of sputum 
expectorated was 67 3 gm , with 5 gm of dry matter Renk found, in a 
case of pneumonia at the middle of the attack, a dailv amount of sputum of 
26 0 gm with 23 66 gm of vater” (Aufrecht) In other words only a 
small part of the inflammatory exudate of the lungs is coughed up, the 
greater part being absorbed 

During the febrile stage the sputum contains large numbers of micro- 
organisms, w Inch rapidly decrease in number after the crisis The duration 
of the attack can at times be forecast to a certain extent by the natuie of the 
organisms found, thus, a pneumonia due to the influenza bacillus, or in 
which there is mixed infection, runs a more protracted course and instead of 
terminating by crisis, does so by lysis, and is more apt to be followed by 
delayed resolution, suppuration, gangrene or other abnormality The iden- 
tification of the pneumococcus in the sputum is usually easy and should be 
routinely attempted The tubercle bacillus is to be sought for m suspicious 
cases by the ordinary method The number of pneumococci demonstrable 
in the sputum does not bear any constant relation to the severity of the attack 
Stuertz has made a study of the virulence of the organisms m the expectora- 
tion by injecting mice and has shown that the crisis is not due to decrease in 
the virulence Exacerbations and relapses, however, are accompanied by 
increased virulence He believes that such events may be forecast by inocu- 
lating mice at regular intervals throughout the attack 

The sputum is sometimes very hemorrhagic This has been observed in 
tuberculous cases OValshe), m heart dj scase (Huss), in lobar pneumonia pro- 
duced by the typhoid bacillus and in traumatic pneumonia Leichtenstern 
suggested that atheroma of the pulmonary artery may cause the so-called 
“hemorrhagic pneumonia ” Grisolle gives the following data as to the 
time at uhich the rusty sputum appeared in 131 cases It uill be noticed 
that It appeared vithm the first two days m 60 per cent , and within the first 
four days m SO per cent of the cases First day, 45, second day, 31, third 
day, 14, fourth day, 14, fifth day, 11, sixth day, 6, seventh day, 5, eighth 
day, 2, eleventh day, 2, twelfth day, 1 

In 195 cases collected by the senior author, rusty sputum was present in 
73 (37 per cent ), absent m 40 (20 per cent ), unrecorded m 82 (43 per cent ) 
In 43 cases examined microscopically the following organisms were noted 
diplococci 17, streptococci 10, staphylococci 7, influenza bacilli 3, tetrads 4 
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Wolff found the diplococcus in 66 out of 70 cases examined, the Fnedlander 
bacillus was encountered only three times, and once neither organism was 
found Among collected statistics of 3,286 cases, 1,627 or 49 51 per cent 
-had rusty sputum, of 1,406 cases, 203 or 14 44 per cent had mucopurulent 
sputum, of 5,249 cases, 70 or 1 33 per cent had bloody discharge or free 
hemorrhage, of 25 cases, 19 or 76 per cent had casts of air vesicles, of 
2,184 cases, 361 or 16 53 per cent had no sputum Hemorrhagic infarc- 
tion of the lung gives a sputum similar to lobar pneumonia but even here the 
expectoration is more bloody, less viscid and lacks the bright-red color 
"Prune juice” sputum has been attributed to lessened coagulability of the 
blood and a diminution of cardiac poiver, having therefore been regarded 
as an unfavoiable symptom iihich sometimes precedes an cedema of the 
lungs Williamson states that pneumonia due to the Fnedlander organism 
IS to be suspected when the mucus is "intensely mucoid, ropy and stringy, 
so that nlien lifted on a knife blade or similar instrument it can be diawn 
into long threads This is not remarkable when we remember the peculiarity 
of the Fnedlander organism in the culture media ” When jaundice is 
present the sputum may be bile stained and have a bitter taste 

As to the chemical composition of the sputum, all investigators are agreed 
that the albumin content is high, owing mainly to the large amount of blood 
which It contains After the crisis the amount of alb^umm is markedly 
decreased Bussenius v as able to demonstrate glucose in the expectoration 
of a diabetic woman vho had developed pneumonia "The basis of the 
pneumonic expectoration is water, albumin, mucus, fat and salts, with which 
the other more adventitious elements are mixed The percentage of w ater 
to the solids bears a close relation to the proportion of water m the blood 
Albumin forms about 3 per cent of the sputa The viscidity depends upon 
the mucus, v Inch is present to the extent of about 1 per cent It is supplied 
by the inflamed bionchial mucous membrane The salts constitute about 
0 8 pci cent of the expectoration, and of these the chlorides form about one- 
half The expectoration is usually neutral or slightly alkaline, rarely acid” 
(Wells) 

Sometimes expectoration is entirely absent This occurs notably in chil- 
dren 11 ho sii alloii it, and in delirious or stuporous patients, ii ho fail to cough 
it up It IS decreased in pneumonia affecting the upper lobes Bouillaud 
explains this by the fact that the exudate m the bionchioles of the upper 
lobes IS less likely to be dislodged by breathing and coughing Aufrecht 
believes that it is due to "the same causes as is the condition of the alveoli 
11 Inch are less completely filled in pneumonia of the upper lobes during the 
stage of red hepatization, namely, to a diminished hi'periemia, or, to be 
more exact, a diminished amount of bleeding into the "^alveoli of the upper 
lobes duruig the stage of inflammation The result of this is that the 
accompanying secretion of the finer bronchi is less than m pneumonia of 
the loii er lobes More difficult to explain is the frequent absence of sputum 
and especialh of bloody sputum, m pneumonia of the lower lobe, which 
occurs in the course of delirium tremens, in insane patients, m the aged, 
and in the course of pneumonia after acute diseases Weean only mention 
the Inqiothesis that in such cases a stasis follows in the capillanes and veins 
as a result of disease of the aheolar epithelium, and produces a migration 
of the white corpuscles into the ah cob, that is to say, the gray hepatization 
occurs so quickh that the mteiTnediate stage — red hepatization, due to the 
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migration of the red corpuscles — lasts too shoit a time to pioduce bloody 
sputum " 

The demonstration of Fraenkel’s pneumococci in the sputum of patients 
suspected of having pneumonia may be consideied satisfactory evidence 
that such IS the case, particularly if they are found in large numbeis and in 
the central parts of washed sputum In cases in which the sputum is sec- 
ondarily contaminated in the mouth the organisms found aie much fewer 
in numbei, and located peripherally The evidence obtained from a study 
of the expectoration is, of course, not of such positive nature as that derived 
from a blood culture, but it is foi obvious reasons much quicker m its results 
and more generally applicable 

Method — The sputum for examination should be collected m a regular 
sputum cup, or in a wide-necked bottle, and when possible a liberal quan- 
tity obtained Neither water nor disinfectants should be added A smear 
IS made in the usual manner by rubbing the sputum for a tune between 
two cover-glasses The diplococcus of pneumonia stains well vnth Gab- 
bett’s methylene blue solution, but its characteristic biscuit-shaped contour 
IS better brought out by Bismaik blown When thus stained each coccus 
IS seen to be surrounded by a narrow hyaline space, bounded by a faint 
marginal capsule Encapsulated pneumococci are seen with difficulty 
The staining of the capsule is best accomplished by the following method 
The smear is placed in a 1 per cent solution of acetic acid for one or two 
minutes The excess of the acid is then removed with a pipette and the slide 
dried m air After this it is placed foi a few seconds m saturated aniline 
water and when dry, examined The microscope reveals elongated lance- 
shaped cocci, generally arranged in pans, with their bases approximated, 
and characteristically encapsulated 

If desired, the double-staining method of Wolf may be employed The 
dry smear is stained m aniline water saturated with fuchsin, and then placed 
for one or two minutes in a diluted aqueous solution of methylene blue The 
cocci are thus stained blue, the capsule rose color, and the body of the pre- 
paration a bluish-red The Friedlander pneumobacillus may be stained by 
the same methods as the pneumococcus and also shows capsule formation 

Posture — ^The posture assumed by the pneumonia patient vanes Most 
often the dorsal decubitus is chosen and the affected side is usually avoided on 
account of pain and tenderness, the sitting posture is raiely assumed except 
in case of apical involvement, in which the lateral position is also occasionally 
adopted The reason of this is that in basal lesions the movements of the 
heart, the diaphragm, and the lungs themselves, are least encroached upon 
v hen the consolidated portion falls back against the posterior thoracic wall 

Perspiration — Perspiration may occur at any time during the attack of 
pneumonia It is most common during or after the crisis, more frequently 
seen m children and in young adults, and m uncomplicated, sthenic cases, 
occasionally it is very profuse Sweating also occurs during the last few hours 
of some fatal cases as the result of vasomotor paralysis Sudamma may occur 
upon the reappearance of sweating after its absence during the height of the 
disease 

Herpes — Tins is a very common and often diagnostically significant 
s>nnptom It genei ally appears upon the lips, or at the angles of the mouth 
or nose, but may be about the eais, eyes, chin, anus, genitalia, legs, or in 
^ fact anv part of the body The vesicles maj' appear -with the prodromata 
Aufrecht mentions an instance m which they preceded the pneumonia by 
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two days Generally, however, they appear about the third day of the 
disease Geissler, who has investigated this in 421 cases, among which there 
were 182 cases of herpes, gives the following data as to the time of onset 
On the first day of disease in 1, second in 18, third in 66, fourth in 41, 
fifth in 20, sixth in 8, seventh in 4, eighth in 5, ninth to tenth m 2, and on 
the eleventh or later in 8 In 79 per cent of Riehrs cases herpes appeared 
between the third and fifth days, the earliest on the second, the latest on 
the twenty-sixth The eruption of the vesicles may be preceded by a chill 
but this IS by no means alwajs the case The condition is easily overlooked 
because m some cases only a single vesicle appears The number may 
range to many dozen Often they are overlooked because they appear just 
within the nose These facts probably account in some measure for the 
great disci epancy in reports as to their frequency, although there is no 
doubt that they are more common in certain years and epidemics Herjies 
has been reported as follows , Geissler 43 per cent , Bleuler 43 per cent , 
Stoertz 20 per cent , Lebert 13 per cent , Schapira 29 per cent , Drasche 
40 per cent , Ridil 27 per cent , Morhart 37 per cent , Pye-Smith 12 per cent , 
Townsend and Coolidge 7 per cent , Wunderlich 50 per cent , Hawkins 20 
per cent , etc 

Rielil has found the following age distribution m 127 instances of herpes 
among 481 pneumonias 


14 to 20 jears 
20 to 30 “ 

30 to 40 '' 

40 to 50 “ 

50 to 60 “ 

GO to 70 " 

70 to 80 “ 


36 cases of herpes 
55 “ 

18 " “ 

6 “ “ 

9 “ “ 

4 “ “ 

1 it it 


In 90 per cent of the cases the eruption appeared in the distribution of the 
t rifacial nerv e, in 42 per cent about the lips It was formerly supposed 
that heipes arose as the result of a disordered condition of the blood, but 
the very inteiestmg investigations of Howard^ seem to have definitely 
established the etiological factor to be a neural one located in the nerve, skin 
and posterior spinal ganglion corresponding to the nerve in the distribution 
of nhich the eruption appeared When they appear m the distribution of 
the fifth nerve, the lesion is m the Gasserian ganglion The pathological 
changes consist of congestion, hemorrhage, cellular infiltration, degeneration 
of the ganglion cells, and are probably the result of the toxins 
Since the appearance of Geissler’s article it has been believed by many 
that the appearance of herpes nas a favorable prognostic sign An examina- 
tion of the literature reieals the following reports 


Obsen cr 
Geissler 
Sclnpin. 
Stoertz 
Morlnrt 
Bncck 


With Herpes 

Mortality 

Without 

182 

9 3 per cent 

239 

173 

35 7 “ “ 

38 

52 

9 6 “ “ 

234 

63 

8 9 “ “ 

108 

35 

4 16 “ “ 

49 


les Mortality 
29 3 per cent 
34 21 “ “ 

17 9 " “ 

7 4“ “ 

14 0 “ “ 


Pohlmann did not find herpes in any of his fatal cases Among the 
w ntcr s collected cases, 943 out of 4,447 had herpes (21 21 per cent ) 

VoJ Journal of the Medical Sciences, February, 1903, p 256, 
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Of 396 with herpes, 43 or 10 86 per cent died, of 239 without herpes, 70 
died (29 29 per cent ) Of 111 autopsies, 103 had no herpes (92 79 per 
cent ), while 8 had herpes (7 21 per cent ) Among 434 cases of pneumonia, 
Pye-Smith found 53 with herpes, of which 47 recovered In one of Mor- 
hart’s cases the eruption was situated on the cornea of the left eye, in 
another on the sternum The site of the pulmonary lesion bears no constant 
relation to the location of herpes 

Urine — This is decreased m quantity, abnormally concentrated, being 
therefore “high colored,” increased in specific gravity, and often irntating 
The latter quality may be manifested by burning pain on or after micturition, 
and in women with perineal lacerations m whom coughing and weakness 
may produce incontinence, excoriation of the skin The quantity voided is 
about one-half the normal, remaining at this level while the fever lasts 
Entire suppression is rare The junior author saw a middle aged man vith 
pneumonia, the right upper and middle lobes being involved, in whom theie 
vas absolute anuria for three days duiing the febrile period Beyond 
somnolence, there were no symptoms of uraemia Crisis with perfect i ecovery 
followed Epicritical polyuria is sometimes seen The darkened coloi is 
due m part to concentration, and in part to increased urobilin, resulting 
from the destruction of eiythrocytes Uric acid and urea are increased 
The urea is increased after the crisis, according to Scheube first, because 
the disintegration of albumin probably continues for a time after the pyrexia, 
secondly, increased diuresis tends to flush accumulated urea from the 
system, and, thirdly, resorption of the pulmonary exudate produces in- 
creased albuminous material which is mainly eliminated by the kidnevs 

The chloride excretion is greatly diminished, and quite often entirely 
suppressed, supposedly due to the fact that precipitation of albumin in the 
pulmonary exudate ties up large quantities of these salts This explanation 
IS unsatisfactory inasmuch as it has been shown that consolidated areas 
show “an average of 1 69 per cent of sodium chloride, while normal lung 
shows 1 4 pel cent too slight a difference to account for the phenomenon 
(Preble) Roehrmann has shown that the statement made regarding 
abnormally low absorption from the intestinal tract is equally fallacious 
According to von Limbeck and Moraczewski, the blood of pneumonia 
patients is also deficient in chlorides Further evidence against the diminu- 
tion of urinary chlorides being due to an increase in the sputum and inflam- 
matory exudate was pointed out by Traube, namely that this condition 
occurs in othei febrile affections in which there is no pulmonary exudate, 
that the amount of chloride suppression bears no relation to the amount of 
consolidation, and finally, that during beginning resolution the excretion may 
be just as low as during the fastigium Aufrecht believes that during the 
fever the products of katabolism are taken up by the circulation , only a pai t 
of them, however, are immediately transformed into their final products, the 
remainder being retained m the body by combining Avith the sodium chloride 
in the blood plasma 

Hutchinson has shown that the retention of sodium chloride, the average 
amount being 29 gm , persists until a day or two aftei the crisis, vlien 
increased excretion occurs The degree of chloride retention bears no 
relation either to the height of the fever, the amount of lung involvement, 
or the presence of albuminuria The other solid constituents of the urine 
are not decreased in pneumonia 
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The amount of chlorides excictcd in the saliva is relate cly Inrgc, but the 
actual daih amount is small Hutchinson behcees that this passage of the 
chlorides from the blood into the fixed tissues is due primanlj to the exuda- 
tion of atcr The follow mg table show s the condition of chloride excretion 
m 436 cases of pneumonia 
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Of the 25 eases nitli chlorides absent, 7 died (28 per cent ), of 130 eases 
vith chlorides dunmished, 22 died (15 S3 per cent ), and of 5() eases uilh 
chlorides normal, 7 died (12 5 per cent) The ehlondc excretion in 
pneumonia has no lalue from a prognostic standiioint, although it uas for 
a time belies ed that its reappearance after an absence heralded the onset 
of the crisis As a diagnostic aid it is also of but little xalue, although this 
phenomenon docs occur more constantlj and to a greater extent in pneu- 
monia than in other conditions Of course, in a febrile ease with normal 
excretion, we might not unreasonabh be lead to suspect that we were dealing 
with a disease other than pneumonia 

Pick has called attention to the fact that m some eases the acidit> of the 
urine inaj be decreased even to the point of actual alkalimt; umncdiatch 
after the crisis The observation has been corroborated b} a number of 
investigators One would naturally expect that the increased destruction 
of leukoc^'tcs which is supposed to occur at this time would tend to haxe 
the opposite effect Pick encountered this condition in 31 out of 38 eases, 
and considers it due to the absorption of alkaline salts from the resohing 
exudate The urinary sulphates are decreased in pneumonia, the phos- 
phates are increased during the fastigium 

It has been stated by numerous observers that peptone appears in the 
urine in a consideiable number of eases Tins has been interpreted ns 
show mg that the exudate is being absorbed Later w oik seems to show that 
the substance hitherto regarded as jicptone is really a mixture of albiinioscs 
and peptone The lesearches of Krehl and hlatthes indicate that the chief 
constituent is deutero-albumosc, but Ito states that true peptone is en- 
countered w ith comparative frequencj The \ ahie of sucli findings has more 
of a scientific than a practical value As has been intimated, the occurrence 
of these substanecs has been supposed to indicate a disintegration of albumin 

As m other febrile disorders, albwnmvrxa is common in pneumonia 
This IS considered under the renal complications Among the abnormal 
substances in the urine w'e have, as m other fc^els, an increase in acetone 
V Jaksch has showm that this is also found in the expired air in some cases 
The diazo reaction is more eommon than in other fevei s, but less so than in 
tj'phoid fever It has no practical significance Among collected cases, 
35 m 366 gave this reaction (0 95 pei cent ) Indican was found m 10 of 
366 (0 27 per cent ) 

As regards cixjo^copij, P E Schmidt has found that (1) the freezing point 
of the urine is considerably lowered and (2) to a greatei extent than the 
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concentration of the urine can account for, (3) the lowered freezing point 
IS not due to abnormality of the chloride constituent but to metabolic mole- 
cules excreted 

The Spleen — As m other infectious fevers, enlargement of the spleen 
occurs m pneumonia This was first pointed out by Friedreich who found, 
“considerable swelling of the spleen during the first few days,” vliich later 
“developed to such an extent that it protruded below the costal arch, and 
could be clearly palpated,” being about as large as the splenic enlaigcment 
of typhoid fever, from which, however, it is distinguished by the fact that it 
assumes the normal dimensions as soon as the fever disappears Tins form 
of splenic enlargement is due to hyperplastic swelling of the parenchjmia 
and usually appears before consolidation of the lungs is far advanced 
Among the cases collected by the ivnters, splenic enlargement occurred 
clinically m 791 out of 1,416 cases (34 6 per cent ), and postmortem in 147 
out of 292 autopsies, about 50 per cent Acute parenchymatous splenitis 
occurred 140 times in 293 postmortems (47 7 per cent ) and chronic splenitis, 
once m 173 (0 57 per cent ) Fraenkel found the spleen enlarged in about 
15 per cent of his cases, and E Fraenkel and Reiche, m 40 pei cent of their 
fatal cases The fact that the splenic enlargement often indicates severe 
attacks is also substantiated by Rychner, who, m 616 cases with a general 
mortality of 25 7 per cent , found the death-rate m the patients with enlarged 
spleens more than doubled (55 4 per cent ) He also found that only 17 9 
per cent of these cases ended by cnsis, and that splenic enlargement was 
tv ice as common in men as in women, and rarer m the late adult and 
advanced than m the early years of life 
Splenic enlargement does not seem to bear any definite relations to the 
chaiacter of the onset, chill, etc , but it does seem to be more or less pro- 
portionate to the duration of the fever, hence its greater frequency m cases 
defervescmg by lysis Steven m 120 autopsies found cloudy swelling in 
58 and normal spleens m 15 Jurgensen in 73 postmortems iound splenic 
changes m the majority, mostly in the nature of enlargement 

Ademiis is also encountered, Manchen found enlargement of the lymph 
nodes quite frequently It was found in nearly one-fourth of the cases at the 
Wurtzburg clinic, occurring 77 times in 259 cases, wnth the folloving 
distribution inguinal 36, cervical 14, and both 13 
The Blood — During the febrile period the red corpuscles are practically 
normal During the crisis, m the majority of cases, they dimmish m numbei 
After the crisis they may rise again to normal within a few days or remain 
dovn for a few days Nucleated red corpuscles are rarely present, except in 
cases of delayed resolution, and then only in small number They may also 
be present in other complications The hcemoglobin behaves much as the 
red coipuscles According to Boeckmann, the erythrocytes are in inverse 
proportion to the temperature, while the number of leukocytes tends to he 
directly proportionate to the same V Jaksch has corroborated Tuman’s 
statement that m children the proportion of leukocytes to er-yi;hrocj4es 
ranged from 1 to 40 or 70 In patients with cyanosis the red cells may be 
increased The amount of post febrile aniemia is usually slight, the hierao- 
globm being slightly more decreased than the corpuscles According to 
Clabot, the specific gravity of the blood is high and m children falls with the 
temperature 
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In the large inajoiity of cases there is a marked increase in the mnnbcr of 
leukocytes, but cases occur in which there is no increase, and these aic not 
infrequently fatal In children the leukocytosis inav be \cn marked 
According to Cabot, w hen either the patient oi the disease easily gains the 
upper hand there is no leukocj tosis, or only a slight one, but m the much 
laro-er class of cases in w Inch the struggle is a fierce one, leukocj tosis appeal s, 
whichescr way the battle results When the patient is already ill from some 
other morbid process such as tyqihoid fever, \ariola, alcoholism, or chronic 
disease, there is no increase in the white cells In these cases the absence 
of leukocytosis is not necessarily an unfa\orablc sign Thus, Scott has 
leported 10 cases of pncuinonia complicated by fy'jihoid fewer, in only 1 of 
these, in which parotitis was an additional complication, were the leukocytes 
aboie 10,000 Wilson found that the injection of aiitipnciimococcic serum 
produced a marked increase m the nuniber of white corpuscles, and Hare 
has pointed out that leukocytosis is prciented by antipyretics but not by 
cold bathing The suggestion of i Jaksch that an artificial leukocytosis be 
produced by the injection of turpentine or other iriitants winch produce 
abscess, or pilocarpine or nuclein, which do not produce abscess, has been 
w ithout practical i alue 

Leukocytosis generally appears soon after the chill, sometimes with it, and 
probably reaches its ma\inium w ithin a short time There may be a slight 
rise in the number of leukocjdcs during the period of the decline of tempera- 
ture The temperature cun e reaches normal before the lenkocy tc cun c Tlic 
latter takes from one to three days longer to reach the normal, but maj be 
delayed for some days, eien though the lungs are resohing In delayed 
resolution the leukocytes remain delated after the temporatme lias reached 
normal and may not fall for some weeks There is no relatiie cnccss of the 
polynuclear variety There is no correspondence between the temperature 
and the leukocytes curve according to Gaitskell In the majority of cases the 
leukocjtes reach their normal number before the disappearance of abnormal 
physical signs In delajcd resolution, however, the abnorin.d signs clcai up 
at about the same time that the leukocytes reach normal According to 
Cabot, the poly’-morphonuclcar cells are enormously increased both abso- 
lutely and relativelj , during the febrile period often making SO per cent of 
the white corpuscles There is a slight drop in their number during the 
crisis On the day after the crisis, there is a further lowering of their jicr- 
centage After the leukocyte and temperature curves liaAC reached normal, 
the polynuclear cells continue to diminish until they are exceeded m nuinbci 
even by the lymphocytes These latter vary inversely in percentage w ith the 
polyiiuclears As the polynuclears increase, the lymphocytes duninisli m 
number, and vice versa The large mononuclear and tiansitional cells follow 
an irregular course The eosinophiles are rarely piesent during the fcvei 
They may appear during the crisis, but more commonly aftei it Thej' aie 
present during delayed resolution They are present in fatal cases, w hen 
leukocytosis is wanting, according to Gaitskell Becker, on the othei hand, 
states that he has never found eosinophiles in fatal cases Accordino' to 
Cabot, eosinophiles may run up as high as 5 to 6 per cent after the cmis 
but before it they are absent and the lymphocjdes are both absolutely and 
relatively much reduced 

Myelocytes ^e present during some stage of the disease and may reach 
11 per cent They may precede the crisis or occur during it They are 
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found present on the day after the crisis and their numbers are compara- 
tively large after the temperature has fallen In delayed resolution the} aie 
present m small number They may be present without eosmophiles The 
mast cells aie rarely unassociated with eosmophiles They appear during 
one of the first three days follon mg the crisis The blood plates are greatly 
increased after the crisis lodophiha is present m practically all cases 
Dunn has noticed that it persists in cases of delayed resolution, whereas in 
normal cases it disappears a day or two after the crisis According to 
Bermcot, the absence of lodophiha is a sign of great negative value m cases 
of suspected delayed resolution or abscess 
The following tabulation shows the high mortality which attends cases 
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Regarding the diagnostic value of the leukocytes Cabot makes the follow- 
ing statements In central pneumonia marked leukocytosis excludes 
malaria, typhoid fever, uncomplicated influenza, tuberculosis, and scarlatina 
if suppuration can be excluded In capillary bronchitis we find a leuko- 
c}i;osis, so that no inferences can be drawn as to the presence or absence of 
pneumonia In the pneumonia of children and the aged a leukocytosis often 
directs our attention to the lungs The absence of leukocytosis in pneumonia 
is a bad sign, its presence does not peimit conclusions as to the outcome 
The reappearance of eosmophiles is a favorable sign, as is also the dis- 
appearance of lodophiha 

The leukocytes were carefully studied in 48 cases of the senior author 
In 7 ■with marked toxiemia the average count was 25,900, 6 of the 7 died 
One terminated m abscess, the count reaching 43,800 after the crisis In 
5 cases with moderate toxmmia, the average count was 17,320, 4 of these 
■were fatal In 36 cases the toxmmia was mild, the average count 23,278, 
and 3 died In one of the cases the ciisis took place on the seventh day, 
■wdien the leukocytes numbered 43,000 Leukocytosis does not decrease 
with a pseudocrisis as it does with the real crisis If the ciitical drop of 
the leukocytes does not occur with a sudden 'fall of temperature, ve arc 
justified in assuming either that the actual crisis has not occurred, a relapse 
is impending, or complications kre piesent 

Cabot studiCv- the leukocytes in 186 cases with the following results 
24 cases had 10,000 to 15,000, 48 had 15,000 to 20,000, 46 had 20,000 to 

25.000, 19 had 25,000 to 30,000, 4 had 30,000 to 35,000, 7 had 35,000 to 

40.000, 2 had 45,000 to 50,000 and 4 had 50,000 to 55,000 

The finding of pneumococci m the blood is of no prognostic impoit, being 
largely a question of technique 
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The subject of crjoscopy of the blood in pneumonia has not as yet been 
sufficiently imestigated to permit of any final conclusions cither as to the 
actual findings or the value of the jirocedure from a theoretical or practical 
standpoint 


CLINICAL VARIETIES OP PNEUMONIA. 

In addition to the usual t^^ie of pneumonia a number of special larieties 
occur from time to time, vluch have come to be regarded as more oi less 
definite clinical entities, although some of these arc due to organisms other 
than the pneumococcus and some probablj result from mixed infection 

Wandering or Migratory Pneumonia —Wandering or migraton 
pneumonia is a form of the disease nhich tends to spread from one part of 
the lung to another, resolving in one part nhile it spreads m another, in much 
the same nay as erysipelas Of this \aricly there are tno distinct tipes, 
one m vhich the inflammatory process tra\cls by direct continuity or con- 
tiguity to neighboring parts, the other in which the disease aflccts dillerent 
regions of the same or different lobes as time goes on The latter %nricty 
was called "erratic pneumonia” bj' Wunderlich, and occurs especially m 
influenza pneumonia Fraenkel states that migratory pneumonia is simjily 
an exaggeration of what occurs ordinarily in many tjpical cases, and main- 
tains that if the latter cases arc careftillj yiatchcd one can often obscric 
small areas gning evidences of resolution, yihile the consolidation tends ta 
spread in another direction It is sometimes difficult to draw a distinction 
betw'een wandering pneumonia and recurring pneumonia, as has been 
pointed out by Brieger Homburger, .and Huge haic called attention to the 
tendency of this form of pneumonia to run a protracted course ^Migrator} 
pneumonia occurred in 8 out of 813 collected cases (0 98 per cent ) 

Asthenic or Semle Pneumoma. — ^Astheme or senile pneumonia is a 
term used to designate the disease as it occurs m senile patients and in those 
enfeebled by chronic illness or cachexia It is characterized esjiccinlly by 
a gradual insidious onset, often w'ltliout chill or .any prodiomal syanjitoms, 
in fact m bedridden patients its presence may be unnoticed until it is far 
advanced, and occasionally it happens that the disease is unexpectedly 
revealed at autopsy In other cases w'e suspect a pneumonia on account of 
the patient’s w^eakness, respiratory r.ate, fe\er, or ivtlicr symptoms, and yet 
the most careful physical examination may fail to reveal any definite physical 
signs until tw o or three days later In such case the inflammatory process 
may begin in the central parts of the lung, and oiilj gradually make its way 
to the periphery Charcot refers to lobar pneumonia as "that great enemy 
of old people, and one of the principal causes of death at the Salphtri^rc,” 
and quotes Hourman and Dechamore m speaking of the old w'omen at the 
above-mentioned hospital "They do not e\en complain of malaise, no one 
in the wards, neither guardians, servants or neighbors, perceives any change 
in their condition They get up, make their beds, w'alk about, eat as usual, 
then feel a little fatigued, sink upon their beds and expire The body is 
opened, and we find a great pari, of the pulmonary parenchyma in a state 
of suppuration ” 

This variety of pneumonia is located often at the apex of the lung It is 
frequently accompanied by severe nervous symptoms, such as delirium 
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and coma Prostration is nearly always profound Gastro-intestinal symp- 
toms such as vomiting and diarrhoea may predominate Cough and ex- 
pectoration may be absent, dyspnoea is usually not great although the 
respiratory rate be high, and caidiac xveakness is very evident The tem- 
perature may be normal or subnormal and is hardly ever high The course 
IS a protracted one, when recovery occurs the fever defervesces by lysis and 
convalescence is slow Leichtenstern states that complete consolidation of 
lung tissue is unusual, the stage of red hepatization is short, and the tendency 
to terminate m abscess or gangrene of the lung quite marked Certain 
epidemics of pneumonia have been characterized by the frequent occurrence 
of this form of the disease, which has been described as “putrid pneu- 
monia,” “pythogenic pneumonia” and “typhoid pneumonia” The last 
term is particularly objectionable, as it suggests typhoid fever, and although 
pneumonia may occur m typhoid fever or the latter comcidently with the 
former, and although pneumonia may be caused by the typhoid bacillus, 
yet these conditions should be sharply differentiated A laige number of 
asthenic pneumonias end fatally OEdema of the lungs is a very common 
complication As to the actual cause of these asthenic types, Fraenkel states 
that his investigations permit him positively to deny the suggestion of Leich- 
tenstern, that they are due to mixed infection He further states that the 
majority are purely pneumococcal m origin and a few of them purely strepto- 
coccal An increased virulence on the part of the organism, or a decreased 
resistance on the part of the host, or both would seem to be the most rea- 
sonable e'^lanation 

Apical Pnemnonia — ^Apical pneumonia has long been believed to possess 
definite clinical features Thus, delirium and hyperpyrexia are said to be 
more common Opinion seems to differ as to the mortality Apical pneu- 
monia IS supposed to be more common in children, and in the aged Cordell, 
who has studied this disease in children, finds that it is not rare m early life 
The general mortality is the same as in other locations but if uncomplicated 
in children, this is almost ml Delirium in these cases is not an unfavorable 
prognostic symptom at any age, is not more common in adults, and there 
IS no proof that it is in the young Pericarditis is also said to be a more 
frequent complication in pneumonia of the apices The right apex is affected 
about twice as often as the left 

Central Pneumonia. — Central pneumonia is usually simply an incom- 
plete consolidation -which has begun in the deeper parts of the lung This 
view is held by many authorities and has apparently’- been substantiated by 
Lepine, who has studied such cases by means of the a-rays Other observers, 
such as Packard, hold that “Such an explanation is hardly satisfactory m 
view of the fact that every symptom of pneumonia may be present -ft ithout 
the appearance of physical signs, until possibly late in the course, and they 
may often be more marked before the appearance of dulness and tubular 
breathing than after the signs are available for diagnosis ” 

Closely akin to central pneumonia is the variety -which is spoken of as 
“latent o) larval ” This occurs in the asthenic forms of the disease, chiefly 
among the aged and enfeebled, frequently as a terminal infection As the 
name implies, the disease manifests itself neither b-y’ symptoms nor physicrl 
signs but generally some signs could have been elicited if careful examination 
had been made Often these cases are discovered only at autopsy Hour- 
man and Dechambre found 21 latent pneumonias among 49 cases m old peo- 
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pie, without cardiac or cerebral complications When such complications 
do exist, pneumonia neailj' aln aj s assumes this form Littlejohn collected 
33 cases of latent pneumonia, and called attention to the importance of this 
variety of the disease from a medico-legal standpoint, sudden death during 
the third stage being quite common He found that this t> pc n as practically 
confined to habitual drunkards The disease is generally far adxanced 
before the patient takes to bed, death often follons sudden exertion but 
sometimes occurs unexpectedh during the night Henoch states that latent 
pneumonia may simulate meningitis 

Tennuial Pneumonia — ^Terminal pneumonia occurs frequently, espe- 
cially during the n inter months, in patients n ith debility and chronic disease, 
such as cardiovascular, renal or pulmonary There may be little or no 
elevation of temperature or pulse, and death is often impending before the 
condition is recognized Despite the paucity of physical signs, extensive 
consolidation may be found at autopsy Among 81 of the autopsies m pneu- 
monia collected by the junior author, 12 nere terminal infections 

Abortive Pneumonias — Abortne pneumonias are those nliicli run their 
course in a short time, the duration xxarying from one to three days They' 
are unusual, and vhen they occur consolidation has usually been incomplete. 
Dusch reported 9 such cases among 173, none of them being fatal The 
possibility of a “one day pneumonia” is denied by many jihysicians, but 
there is much clinical evidence to prove that such a condition docs occasion- 
ally occur Bechtold" found 10 cases belonging to this catngory among 1,067 
cases of pneumonia at the Wurt/burg clinic Chill, high fever and crisis 
were obsen'cd m all of them but the findings on percussion and auscultation 
differed greatly The sputum nas rusty' m only one case, in another traces 
of bnght-red blood n ere visible These seemed to be due to a mild hospital 
infection, all of them occurring close together in one nard 

Postoperative Pnenmoma —Much diversity of opinion exists regard- 
ing postoperative pneumonia In every large hospital from time to time 
pneumonia occurs among surgical patients shortly after ethcn/ation That 
amesthetics and operations may not infrequently be unjustly blamed is shoM n 
by such cases as have been reported by Gould and DaCosta, in which unsus- 
pected pneumonia ivas accidentally discovered just before etheii/ation A 
number of theories have been advanced to account for the condition The 
possibility of luematogenous infection has received considerable attention, 
but the concensus of opinion seems to be that the infection comes by w ay of 
the air passages Pulmonary infection through the small emboli, liyqio- 
static congestion, mfeetion through the diaphragm, especially in gall-bladder 
cases, the entrance of infected air into the abdominal cavity when the peri- 
toneum is opened, have all been offered as possible explanations by different 
observers The influence of trauma is also important 

Postoperative pneumonia w'as knowm before the days of anajsthetics and 
may follow an operation under local anresthesia Just liow' much the 
administration of ether has to do with the production of the disease is uncer- 
tain Silk found 13 cases in 5,000 operative anrosthesias, 8 of wdiich occurred 
in tongue or jaw' cases Von Beck states that mving to the injurious aftei- 
effects upon the respiratory tract the use of ether has been largely restricted 
at Czerny s clime Osier states that there were usually 3 or 4 cases annually 

' Edinburgh Medical Journal, April, 1902 

^ Munch med Woch , 1905, vol hi. No 44 
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at the Johns Hopkins Hospital Anders found that pneumonia was more 
common after gynaecological operations than in the general surgical 
clinics The greatest number of cases occur in the winter months Of 95 
deaths which occurred m the surgical clinic at Kiel in 1889, Geranulos found 
that 18 were the results of pneumonia Postoperative pneumonias are some- 
times lobular in character 

Among 1,196 laparotomies at Munich, Gebele found disease of the lung 
following in 77, or 6 43 per cent Of these, 53 died — ^20 from hypostatic 
congestion, 8 from "ether” pneumonia, 26 from "aspiration” pneumonia, 
and 14 from embolic pneumonia Of the latter, 8 occurred with, and 6 
without, peritonitis The right lung was affected in 6, the left in 4, and both 
in 4 cases Gebele performed 40 coeliotomies in rabbits, and found that 
pulmonary emboli occurred in 12 and pneumonia followed m 4 These 
conditions appeared both m septic and in aseptic operations It seems, 
therefoie, as if the pneumonia were due to an embolus plus bacteria, which 
latter may exist in the lung beforehand or be earned there by the embolus 

Among a collected series of 139,101 cases of amesthesia, pneumonia 
occurred m 499 (0 35 per cent ) Among 127 autopsies on persons dead 
from pneumonia, the junior writer found 3 following anaesthesia The most 
generally accepted predisposing factors of this variety of pneumonia aie 
chilling of the patient by evaporation of ether or exposure of the body, 
retained or aspirated secretions, and direct infection from non-sterihzed 
inhalers It is probable that several of these causes may be active in a given 
case, but, as has been stated, the pneumonia may be independent of these 
and simply coincident Until we are in possession of more definite know- 
ledge concerning the biology of different strains of the pneumococcus, our 
explanation of postoperative pneumonia must be based upon suppositions 
Czerny suggests that the patients be made to take deep inspirations after the 
operation, even when painful, as this helps to overcome the tendency to 
pulmonary hj^ostasis 

Pneumonia in Childhood — Leger, m 1823, first pointed out the dis- 
tinction between bronchitis and pneumonia in children but for many 
years afterward the last-named condition was confused with collapse of 
the lungs — atelectasis, which was first described by Joerg, m 1832 and 
1835 Nine years later Legendre and Bailly show ed that atelectatic lungs 
could be restored to the normal by inflation, thus proving that the process 
was essentially different from mflammatoiy infiltration, which had not 
previously been realized In 1851 Barthez and Rilhet established the differ- 
ence between lobar and lobular pneumonia The infectious nature of the 
disease was first suggested by Jurgensen in 1872 

Croupous pneumonia in children often follows a very different course 
than in adults A chill may usher m the attack, but quite frequently this 
IS replaced by gastro-intestmal symptoms such as nausea and vomiting, 
or by nervous derangements, such as convulsions, delirium, drowsiness 
01 stupor Hence, ive may be misled into supposing that we have to 
deal wuth tjqihoid fever or meningitis Others begin ivith sore throat, 
tonsillitis, and erythematous flushing of the skin, thus simulating scarlet 
feier Fever is practically alw'ays present and frequently high Careful 
observation of the manner and frequency of the respirations is of the greatest 
importance Movements of the alie nasi may or may not be present Among 
270 pneumonias in children under 14 years, Schlesinger found 37 lobar, the 
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rest lobular in t>pc Holt states that after three jtars of age all primary 
pneumonias in children arc lobar in character 

E Lew has reported a case of congciuial pncumoma in an infant dying 
forti-ninc hours after delivery, mIiosc mother during the lattei part of preg- 
nancy had double pneunioma complicated by left-sided empyema Pneu- 
mococci IN ere found m the pus of the empyema and m the lungs of the child 
A similar case has been recorded by Nctter A number of investigatois have 
succeeded in producing a transplacental infection in the Ionn er animals Pox 
and Laicnson liaNC reported a case of pneumonia in the neiN-boin due to the 
Bacilhn vutcovn capwlafu’; 

The duration of the disease is apt to be shorter than in adults, three and 
file day cases being often seen The termination by crisis occurs in 68 
per cent of the cases, according to Morse Pscudocrises are rare but 
irregularities and remissions not uncommon The respiiations may range 
from oO to SO, the pulse from 150 to 170 in infancy The last-named 
obserier found otitis media in IS per cent , empyema in S per cent , and 
the prognosis good if the temperature did not exceed 103° F In infants, 
nursing becomes difficult, sometimes impossible Retraction of the 
diaphragm is often noticeable Crying as the result of pain is not frequent 
ancl N\hcn present is suppressed and hoarse An expiiatory grunt coupled 
NNith fcNcr IS often Nery suggcstiNC According to Fraenkcl, the heart action 
IS often irregular at, and for sonic time after, the crisis 

iVmong 200 cases of pneumonia reported by Pfaiindcr, 55 Mcrcm children 
During the first decade the knee-jerks were often absent or diminished, not 
infrequently before the physical signs appeared He found this sNmptom 
even more constantly present than licipcs and believes that it may be of 
diagnostic use in dilTcrentiating pneumonia from meningitis 

This absence of the knee-jerks in pncumoma is sometimes spoken of as 
'NYcstphal’s sign It N\as present in 49 per cent of 65 cases reported by 
Kcphalhnos It occuried m some instances at a tunc Nilien the diagnosis of 
pneunioma was still uncstabhshed In 12 cases in which the date of the 
return of the reflex was noted it was observed in 6 on the day' of the crisis, in 
4 on the follow mg, and in 2 on the second folIoiN ing day 

Like adults, children arc subject to repeated attacks In 201 pneumonias 
m childhood, n Zicmsscn found 14 in the second, 3 m the third and 2 in the 
fourth attacks Aufrccht saiv a boy nvIio had had three attacks during the 
first tiNO and one-half years of life, and anothei boy Nvith two attacks during 
the first two years Otitis occuis most often with iight-sidcd pneumonia It 
IS often impossible to distinguish clinically betiN cen lobar and lobular pneu- 
monia m childhood, a fact wdiich is doubtless responsible foi the diverse 
statements nnIucIi arc made West* calls attention to the fact that acute 
pneumococcal inflammation in children often occurs m a disseminated form 
He finds, too, that many cases of bronchopneumonia m children occur 
Nvithout an antecedent bronchitis, beginning and ending just like the acute 
pncumoma of the adult Honvcvci, during life the physical signs shoNV, and 
m fatal cases the postmortem examination demonstrates, not massive con- 
solidation, but disseminated patches 

Subcutaneous emphysema as a complication sometimes occurs, geneially, 
hoNvever, as the result of pertussis and bronchopneumonia Cotton has 


‘ British Medical Journal, October 8, 1904 
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reported a fatal case, with generalized subcutaneous emphysema in a child 
aged seven years, accompanied by dyspnoea and cyanosis Pierson and Carr 
have reported the same condition in a child aged tour years occurring on the 
thirteenth day of the pneumonia The emphysema involved the head, neck, 
trunk, arms, and upper thighs, followed an attack of coughing, lasted three 
weeks after lesolution, and terminated in recovery 

The first sign noted is hstlessness and indisposition to play, accompanied 
by a flushed face Very suggestive is the disturbance of the respiration-pulse 
ratio When this departs from the normal of 1 to 4 (20 to 80 per minute) and 
approximates 1 to 3 (40 to 120 per minute), expect further indications of 
pulmonary disease (O’Dwyer) Next to these, Northrop has found the 
following factors of respective importance absent or diminished respira- 
tory murmur over one lobe or portion of a lobe, rales of any kind, perhaps 
appearing only late, either m a localized shower, or diffusely scattered, 
bronchovesicular breathing — a bronchial whiff, slight dulness, becoming 
marked only late, and, lastly, cough 

It IS well to bear in mind that pneumonia is very common in children, but 
frequently unsuspected and overlooked Infants and small children often 
have no cough, and swallow uhat expectoration they have Below the age 
of four, empyema is frequent Kophk states that in certain epidemics 
meningeal s}Tnptoms predominate, especially if the apices are involved 
The frequency of convulsions at the onset is probably overrated The infant 
with pneumonia is apt to persistently refuse food, and to drink v itli reluc- 
tance at long intervals Various forms of eiythema may occur, but herpes, 
accoiding to Wells, is infrequent Serious complications are more common 
than in adults, among these, empyema and otitis media may be especially 
mentioned 

Termination — Among 10,159 cases of pneumonia collected by the 
writers, the disease terminated by crisis in 5,397, or 53 1 per cent The day 
of the disease upon which crisis occurred was as follows in 4,718 cases 


Day of Crisis 

Number 

Percentage 

First 

1 

0 02 

Second 

27 

0 6 

Third 

183 

3 8 

Fourth 

265 

5 5 

Fifth 

760 

15 9 

Sixth 

681 

14 2 

Seventh 

' 1,042 

21 7 

Eighth 

629 

13 1 

Ninth 

505 

10 5 

Tenth 

250 

5 2 

Eleventh 

179 

3 7 

Twelfth 

63 

1 3 

Thirteenth 

70 

1 4 

Fourteenth 

17 

0 3 

Fifteenth 

21 

0 4 

Sixteenth 

15 

0 3 

Seventeenth 

10 

0 2 


Of 5,201 crises, 3,050, or 58 6 per cent occurred on the odd days and 2,151, or 
11 4 per cent , occurred on the even days 

The tendency of cnsis to occur on the odd days of the disease, especially the 
fifth, seventh, ninth and eleventh, was originally pointed out by Traube, 
but the figures qpoted indicate that this tendency is less marked than is 
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generally supposed Cases arc usually said to end by crisis mIicu the 
tcnipcraturc falls from a considerable ele^ ation to normal or belon it ^\ ithin 
thirty -SIX hours The aiciagc time is gencially shorter, from six to tnenty- 
four hours being required for the defer\ escente Jurgensen has reported 
a case in n Inch onh foui hours n ere consumed It is not at all uncommon for 
the temperature to fall to sc\cral degrees below the noinial and remain 
there for several hours or cnen da^s A prolonged subnoimal temperature 
usualh indicates systemic exhaustion Lcbcrt tabulates the duration of the 
crisis in 110 cases as follows twcl\c hours in 45 cases, twentj-four hours m 
25 cases, and thlrt^-slx houis m 40 cases 

The figures gi\cn b^ difTcicnt writers ^ar^ from 15 to 49 per cent as 
occurring m twci\c hours or less, from 21 to 37 per cent between twehe and 
twcnt^-four hours, and from S to 29 per cent between twenty-four and 
thlrt^-slx hours Grisolle found m 192 cases that the physical signs of 
beginning rasolution antedated the crisis in 72, followed the crisis in 72, 
and occurred simiiltancousK m 92 

Crisis IS more apt to occur in children than in adults, m adults than in the 
aged, and in brief than in jirotractcd cases L^sls, on the other hand, is 
seen more frcqiicnth m the aged and in those enfeebled by acute or chronic 
disease Among S,GG7 collected cases, 2,1G1 (24 9 per cent ) terminated 
b^ hsis Such an ending of the disease also occurs m atypical varieties, 
such as arc due to other organisms than the pneumococcus, or those m 
which there is mixed infection There seems to be a tendency at certain 
limes in different epidemics for pneumonia to terminate prcpondeiatingly 
b'^ crisis or b^ hsis, a fact which was pointed out by agner Cases defer- 
^csclng In hsis should always make us consider the existence of complica- 
tions 

A numlier of fanciful explanations base from time to time been offered to 
account for tlie occurrence of tlie ciisis at certain times Thus, Brunner 
has prepared some elaborate tables which he believes demonstrate the fact 
that the course of croujious pneumonia bears certain definite relations to 
the phases of the moon He consideis that the crisis is influenced by certain 
cosmic causes, perhaps through periodic sanations in grasity As to the 
hour at sshicli crisis is most apt to occur, Wundcihch is responsible for the 
statement generally quoted that this is in the late csening hours, sometimes 
in the afternoon or at night and raiely m the forenoon oi at midday 

The crisis is often accompanied by extreme exhaustion and relaxation, 
a eondition ssliich is manifested by SAveating, a rapid, sseak, ii regular pulse 
of very low' tension, frequently dicrotism, cpistaxis, piofound sleep, polyuria, 
diarrhoea, and occasionally incontinence of urine Ssveatmg oceurred in 
9 out of 43 cases Crisis occurring as late as the nineteenth day of the disease 
has been reported 

P sciulocnns consists in a rapid fall of the temperature which closely 
simulates the termination of the disease, but svhieh is follossed in the couise 
of a few hours by a subsequent rise of the fever to, or even above, its original 
height In favoiable cases the pseudpcrisis is follow'ed in the course of a 
day or tw’o by the true ciisis Among 54 pseudocrises collected from 500 
cases at the Pennsylvania Hospital, Philadelphia, the follownng distribution 
was noted 
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Day of Crisis 

Number 

Percentage 

Second 

1 

1 9 

Third 

2 

3 7 

Fourth 

2 

3 7 

Fifth 

2 

3 7 

Sixth 

12 

22 2 

Seventh 

11 

20 4 

Eighth 

6 

11 1 

Ninth 

1 

1 9 

Tenth 

5 

9 3 

Eleventh 

1 

1 9 

Tw’elfth 

2 

3 7 

Thirteenth 

1 

1 9 

Fourteenth 

2 

3 7 

Fifteenth 

2 

3 7 

Sixteenth 

2 

3 7 

Seventeenth 

1 

1 9 

Eighteenth 

1 

1 9 


Of tlie foregoing cases, 2 had two pseudocnses, one upon the third and 
the seventh, the other upon the third and the eighth days There were only 
5 fatal cases among these 54, a mortality of 9 2 per cent , as contrasted with 
a general death-rate of 25 per cent Among collected cases, 172 in 1,854 had 
pseudocrises (9 8 per cent ) 

Duration — ^The duration of lobar pneumonia ranges from one day to 
three weeks Naturally the majority of the cases are not to be classed at 
either end of this limit, most of them last from five to ten days In children 
three- and five-day pneumonias are by no means rare, and no less an 
authority than Aufrecht believes than even m adults “one-, two- or three-day 
pneumonia” is commoner than generally supposed Leube has reported 2 
cases of pneumonia lasting one day, Thomas, 3 cases of two-day duration, 
and Tophoff, Baruch and Bernhard, similar cases The senior author has 
seen 1 case of two-day pneumonia vith all the chaiacteristic symptoms and 
signs, the bronchial breathing lasted four days after the crisis Aufiecht 
states that “many a status febrihs, many a iebns ephemera, whose cause 
cannot easily be found may etiologically belong to this group of pneumonias ” 
Broadbent has reported a case with abortive crisis and premature resolution 
in forty-eight hours, m which the symptoms of toxaemia were severe 

In contradistinction to brief or abortive pneumonia ve have delayed 
resolution, migratory and recurrent pneumonias The first-named condition 
IS met with chiefly m old and debilitated subjects Cmibali states that it 
bespeaks a subnormal resistance on the part of the patient, and occurs with 
especial frequency m malarial cachexia and in cases in which there is cardiac 
weakness , he has never seen a relapse follow this condition It must always 
be borne m mind that delayed resolution may be very closely simulated by 
tuberculous pneumonia, by chronic apical infiltration, by interlobai empy- 
ema or pleural effusion Delayed resolution vas reported in 105 among 
2,548 cases (4 1 per cent ) Under normal conditions resolution is accom- 
plished through a process of autolysis, the metabolic changes being very 
closely allied to those which occur during the digestion of proteids 

Flexner has showm that the intensity of the autolytic powder varies in the 
different stages of the disease, the highest activity being encountered diir- 
nig the stage of gray, and the low^est in the stage of red, hepatization, a 
condition w Inch is perhaps due to thi larger number of leukocytes present 
m the former In unresolved pneumonia both autolytic power and leuko- 
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cytes arc lo'\\ Flc\ncr attributes the failure of the exudate to be absorbed 
to the disproportion bct-\\ccii leukocytes and other constituents Opie has 
sho^\ n that failure of autolysis is, at least in a measure, due to the presence 
in the blood serum of an antily tic substance 

In favorable cases the lung c^entually clears up, absorption of the exudate 
being slovly accomplished, in others restitution does not occur at all and 
the exudate graduallj undergoes fibroid induration, or suppuration 

Andral i\as the first to describe ienmnahon w fihoul mdiiraiion in une- 
quu ocal terms Stokes described a case folloi\ cd by marked retraction of the 
chest vail, empyema haiing been definitely excluded Clinically delay'ed 
resolution is apt to be confused with old tuberculous lesions, secondary tu- 
berculous infections, and tuberculous pneumonias, from all of which they' are 
entirely distinct Fracnkcl, who has carefully studied some 12 cases, found 
that in e\ery instance tlicic were CMdenccs of connective tissue formation 
in the aheolar exudate He states that in every case in which resolution is 
delayed lieyond three weeks without definite cause — complications, such as 
abscess formation, etc , — we must assume tliat fibroid induration has begun 
iMacroscopically tw o i anetics, the red and the gray', as originally described 
by Andral, arc to be noted, IiaMng more or less the appearance of polished 
granite, tlic reddish hue being due either to the \ ascular richness of the tissue 
or to newly formed capillaries Later the color fades to grayish-yellow, as 
the result of fatty degeneration of the alveolar tissue Months later the 
in\ohcd areas become pale gray, indurated, shrnelled, and of a tough 
consistence 

In delayed resolution there is continued fcccr, gradually subsiding in 
fa^o^ab!c cases In drunkards and cachectic individuals a fatal termination 
IS not infrequent In tins class the fcicr increases, becomes more irregular, 
and not infrequently leads one to suspect that the disease may have been a 
tuberculous jineumonia from the onset Death may occur suddenly but 
usually ensues as the result of gradual heart failure, the fatal termination 
being frequently' preceded by' delirium, coma, etc In some cases, as was 
pointed out by Wagner, the percussion dulness, bronchial breathing and 
rales may gradually disappear, as the result of a compensatoiy' emphysema 
of the surrounding tissue, and by the resumption at least m part of activity 
by the infiltrated area According to Charcot these cases do not develop 
bronchiectasis, however this may' be, it seems that a fibroid induration of 
the lung does predispose to other pathological changes, notably gangrene 
These cases may' be closely' simulated by' serofibrinous or puiulent pleural 
exudates, interlobar empyema and abscess of the lung Exploratory 
puncture, careful microscopic examination of the sputum and the leukocy'te 
count, ill often help m the solution of the problem The absence of fever 
is strong evidence against the presence of abscess or empyema 

Relapse — Much misunderstanding exists on the subject of relapse, 
partly from its inherent difficulty', and paitly from the multiplicity of terms 
w'hich have been employed by different authors Thus, w'e find that con- 
fusion IS caused by the failure on the part of some w'riters to distinguish 
between pseudocrisis, migratory infection, i elapse and recurrence Then, 
too, the question often aiises as to W'hcn a condition should be regarded as a 
relapse, and when meiely as a pseudocrisis Ebstein suggests that the 
diverse nomenclature be dropped and that the terms, “early recurrence” 
and “late recurrence” be substituted Relapse should be spoken of only 
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when a fall m temperature is followed after a time (two to three days) by 
undoubted evidences of beginning resolution, whereupon a fresh attack is 
subsequently precipitated, which invades the same location as the original 
one In this way we distinguish the condition from migratory pneumonia 
in which new areas are involved Wagner has given the following definition 
“If the lung, after an ordinary croupous pneumonia involving one or several 
lobes, becomes normal after the fever has terminated by crisis or lysis, the 
patient is convalescent, and if at least three days to several weeks after the 
defervescence a new infiltration of the same or other lobes with all the 
characteristic phenomena of a local and general nature occur, a relapse has 
without question taken place ” 

Relapse m pneumonia is rare Osier states that he has seen but 2 cases 
Among statistics, 36 instances occurred in 5,966 pneumonias (0 60 per cent ) 
Chatard found 5 m 658 pneumonias Fraenkel encountered 7 relapses m 
1,000 cases as follows 


No 

Duration of 
First Attack 

I 

11 days 

6 “ 

II 

III 

5 “ 

IV 

12 “ 

V 

3 “ 

VI 

7 " 

VII 

6 “ 


Interval 
16 days 
1 day 
26 days 
11 “ 

3 “ 

5 “ 

3 “ 


Duration of 
Second Attack 
3 days 
10 “ 

5 “ 

12 “ 

2 “ 

3 “ 

5 “ 


In 5 of these cases the signs of the primary consolidation were still present 
at the onset of the second attack The first 6 of the cases occurred between 
April and November, 1892 Ruge has reported 7 cases of relapse m which 
there was an afebrile period lasting from four to fifteen days, during -which 
there was an apparent convalescence with partial disappearance of the 
physical signs, the duration of the relapses W'as from four to eight days 
More than one relapse may occur, Grisolle saw 3 attacks in the same 
individual within tiventy-seven days It is hardly probable, however, that 
resolution, m this case, could have advanced very far between the attacks , it 
may have been an instance of pneumonia migrans The duration of a relapse 
IS usually short Second attacks occurring after a long period of time must 
of course be considered as recurrent infections Sometimes there is a ten- 
deney for the disease to recur m the same portions of the lung 
Death — Death m pneumonia usually comes on gradually with the signs 
of cardiac failure The jiulse progressively weakens, finally becoming irreg- 
ular and intermittent The respirations grow more superficial and ineffec- 
tual The cough subsides and the sputum is no longer expeetorated but 
blocks the bronchial tubes The extremities become cold Cyanosis is 
replaced by an ashen-gray pallor, and, finally, pulse and respiration cease 
Sometimes during the last few labored respiratory efforts the patient starts up 
convulsively and takes a last conscious glance at his surroundings but, as a 
rule, death comes on insidiously The stage of dying, as a rule, lasts several 
hours but at times the end comes suddenly and unexpectedly, as the result 
of cardiac or pulmonary thrombosis If death be due to severe toxiemia, there 
may be few signs of circulatory failure until near the end 

Sudden death generally oceurs during the stage of gray hepatization, and 
m such cases often neither the seat nor extent of involvement, nor the 



DEATH IN LOBAR PNEUMONIA 


593 


apparent gravity of the ease seem to bear anj constant relation It is usually 
precipitated by sudden exertion Sudden death in children has been reported 
bj Terrien, Leroux and others In the latter’s case, a girl aged five years, 
V jio had a pneumonia of the right apex, follov ing tonsillitis, accompanied by 
h'STierpi rexia, died suddenly vithout yarning on the third day of the disease 
The follov mg tabulation sliov s tlic day of the disease upon which death 
occurred m 2,G13 collected cases 


Dij of Death 

Number 

Per Cent 

First 

C 

0 23 

Second 

CO 

2 30 

Tliird 

95 

3 G4 

Fourth 

124 

4 75 

Fifth 

189 

7 23 

Sixth 

209 

8 00 

Seaenth 

230 

8 SO 

Eighth 

225 

8 61 

Ninth 

206 

7 88 

Tentli 

17) 

6 70 

Ele^ enth 

125 

4 78 

Twelfth 

03 

3 56 

Thirteenth 

GO 

2 30 

Fourteenth 

82 

3 14 

Fifteenth 

53 

2 03 

Sixteenth 

41 

1 57 

Se\ entcenth 

41 

1 57 

Eighteenth 

33 

1 26 

Nineteenth 

37 

1 42 

Twentieth 

25 

0 96 

Twentj -first 

59 

2 26 

Later 

445 

17 03 


Pneumonia mai terminate in a general pncu ptococcu'! scyl i cccmi a, or by 
metastatic suppuratnc foci in practicalh any part of the body Sueh 
infection may be carried either by the hmphaties or the blood stream 
According to Bloch, vlio studied 30 cases, the former route is the more 
common, the latter indicating a special predisposition such>as is afforded by 
debility from recent infectious disease, by the rapid grovtli of the young, 
or by a congenital tendency Pneumococcic infection m yarious organs or 
tissues may of course occur y itliout a preceding pneumonia In sueh eases 
it may be impossible even at autopsy to determine the origin of the mfeetion 
In cases oi general or localized pneumococcus infection without the occur- 
rence of a preceding pneumonia, ye quite commonly find four cardinal 
sjmptoins present y Inch are very suggestive of the condition namely chill, 
sudden pyrexia, leukocytosis and herpes One or more of these symptoms 
may occur in a ^arlcty of other morbid processes, but the simultaneous 
appearance of all of them in a given case should make us very strongly sus- 
pect the pneumococcus as the etiological factor Definite information may 
be obtained from blood cultures, lumbar puncture, etc Pneumococcus 
septicaimia, secondary to local infection, has been reported by many writers 
A further consideration of this subject xvnll be found in the section on compli- 
cations 

Expenmentally it is very rarely possible to produce a pneumonia by inocu- 
lation y'lth the pneumococcus, even ydien the animals are exposed to cold or 
when other artificial means are adopted Wadsworth has, however, found 
IPI- 2—38 
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that w hen animals are first partially immunized against the pneumococcus, 
and their resistance raised instead of lowered, intratracheal injections of 
pneumococci give rise, in a large proportion of cases, to extensive lobular 
pneumonia or to true lobar pneumonia He believes that by this process of 
partial immunization the rabbit is brought nearer to the condition of man, 
who possesses a certain degree of resistance to infection by tlus organism 
Thus, in man, after infection by the pneumococcus, in place of a rapidly 
fatal septicsemia, the lungs sustain the brunt of the assault and in this situa- 
tion there is set up a localized inflammation But this process is not entirely 
local In the majoiity if not in all cases pneumococci gam entrance into the ' 
blood and produce a systemic infection llosenow has grown the pneumo- 
coccus from the circulating blood in 91 per cent of 175 cases 


THE PHYSICAL SIGNS OF LOBAE PNEUMONIA 

But little information of practical value can as a rule be obtained by 
mensuration of the chest in pneumonia Broussais claimed an enlargement of 
the diseased side, but Andral, Laennec and Woillez did not substantiate this 
Certainly the data obtained by this method are not commensurate with the 
time required, or with the discomfiture given to the patient Diminished 
excursion of the diaphragm or of the chest is often observed on inspection If 
the pain is severe, inspiratory expansion may be limited Immobilization of 
the affected side does not occur to the same extent as it does in cases of 
pleural effusion Compensatory excursions on the healthy side may occur, 
as well as abnormally increased action on the part of the accessory muscles 
of respiration 

Percussion and auscultation give most important data During the early 
congestive stage a hollow tympanitic note is often encountered According 
to Aufrecht this is due to the swelling of the alveolar epithelium from over- 
distended capillaries and “as a result of this the elasticity of the pulmonary 
structure is lessened and under percussion the pulmonary area does not 
vibrate as in the normal lung The tympanitic note is the result of the loss 
of elasticity of the pulmonary structure due to anatomical reasons, the 
amount of air m the alveoli is no longer enclosed in so markedly stretched 
membranes as in the normal state ” As consolidation begins, dulness 
replaces the tympany, although as Thomas has pointed out, a tympanitic 
quality may remain, this being especially noted when the apices are involved, 
in which case as the result of imperfect consolidation in the early stages, 
tympany is more marked, and later, dulness is less intense 

In the early stage of a central pneumonia there may be hyperresonance 
of the entire chest, at times to such an extent as to make the sound side seem 
relatively dull, and hence a mistake may be made as to the side affected 
In cases of central pneumonia the resonance may never become more than 
“impaired ” Another explanation places the origin of the tympany m the 
%’ibration of the air within the bronchi which are surrounded by consolida- 
tion, as the result of v Inch the percussion impact is transmitted with greater 
intensity to the bronchus, and the vibrations are m turn conducted back 
vith more distinctness Jurgensen mentions two cases m which percussion 
of the completely solidified lower lobes produced tjqncal tympany, the pitch 
changing when the mouth vas opened and closed Sometimes when the 
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lo^^e^ lobeb arc involved tympany maj result fiom the pioximity of the stom- 
ach Il^pencsonancc often occms .is the result of compensatory action on 
the pait of the licaltlij lung tissue, in some cases it covers a neighboring lobe 
to th.it viiicli IS diseased, in others the entire opposite side of the chest is 
iinohcd, tins being largely dependent upon the extent of the consolidation 
A cracked-pot sound m.13' occasionally be elicited, when infiltiation sur- 
rounds a large bionchus Aufrccht explains this as due to the unequal cflect 
of percussion at the bolder between the edge of the consolidated and the 
healthy lung tissue, coiisidciing the phenomenon as due to sound wa^e mtei- 
fcicncc The area of dulncss tends to be somewhat larger than the consoli- 
dated area Associated with the dulness tlicic is a distinct sense of resist- 
ance felt b^ the percussing fingers, which is sometimes more striking than 
the actual change in resonance 

In extensile consolidation, dulncss may almost reach the degree of flatness, 
.although the latter condition is .alwais suggestiic of pleuial exud.ite, cither 
plastic or liquid ^Micn the upper lobes aic first involied, dulness quite 
frequenth first appeals in the posteiior axillar}' line, and if at a high level, 
it ma'\ be oierlookcd In all cases in which jmeunionia is suspected and 
cannot be definitely made out, the upper axilla should be very carefully 
percussed and auscultated Wintrich states that “pulmonai}' tissue de\oid 
of air and pcnphcially infiltrated gnes a short weak note on percussion, 
onh if the space dc\oid of air has a diameter of about fi^e centimeters and 
a depth of two centimeters, and then only upon superficial percussion ” 
For this reason small areas of iinolvcment m.iy be difficult to determine 
In each case, therefore, both light and hca^•\ jicrcussion should be practiced, 
the former for supcrfici.alh , the hitter for deeplv, situated lesions 

Associated with the cicpiiant utlc in the early stages, we generally ha^e 
more or less suppression of the \csiculai murmur, hater vcsiculo-bronchial, 
broncho-A csicular, finallv bionchial and tubular breathing When true 
tubuhai bre.athing exists crepitant rales disappe.ai Suppression of the 
vesicular muimiii is ^er> common, and often the condition peisists over the 
greater pait of the consolidated area throughout the .attack, especially in 
asthenic cases This is the result of incomplete, diffuse infiltration or 
obstruction of the sin.ill bronchi through excessive secretion The fact that 
tubular breathing may be absent is often verj' puzzling to the young piacti- 
tioner who has acquiied the idea that in all cases of pneumonia loud tubular 
breath sounds aie to be heard One not infrequently has to make a diag- 
nosis of pneumonia on slight pcicussion dulness, suppressed vesicular 
murinui, a few subcrepitant rales, fevei and increased respiratory r.ate In 
t}q)ic.al sthenic cases, however, the bie.ath sounds going through the stages 
mentioned, finally become loud, and typically tubular in charactei Tubular 
breathing m.ay be heaid during both inspiration and expiration, its intensity 
depends largely upon the completeness of the consolidation It gives one 
the impiession of sounds produced very close to the ear 

The statement m.ide by Laennec that the crepitant rale is the most chai- 
acteristic sign of pneumonia still holds good, although of course it is not 
pathognomonic It is heard during inspiration, chiefly during the latter half, 
and consists of showers of fine, high-pitched, lesonating sounds which have 
been aptly compared to the crepitation produced by the rubbing of a lock of 
hail held close to the ear, to the crackling of a static electric machine wath 
the poles closely approximated, or the sound produced when salt is throw-n 
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upon a fire Crepitant rales are produced by the inspired air breaking 
through small collections of tough secretion at the point at which a teiminal 
bronchiole merges into an alveolus They mu'Jt not be confounded with 
subciepitant rales which are heard in oedema of the lungs, hypostatic con- 
gestion, and catarrh of the finest bronchioles They differ from the latter 
in that the sounds are finer, higher-pitched, more ringing, metallic and dryer 
in character Although crepitant rales are generally classified as moist rales 
they possess some of the qualities of the dry variety The crepitant rale is 
produced in the lung only when the above described conditions of localiza- 
tion of secretion are accompanied by some consolidation, as in early pneu- 
monia, tuberculosis, hemorrhagic infarct or atelectasis It may, however, 
be very closely simulated by the subcrepitant rale and by a fine pleural 
friction The crepitant rale is one of the earliest signs of pneumonia, it may 
be only intermittently present for obvious reasons, and disappears entirely 
when consolidation becomes complete, to return later on as “ crepitus redux” 
when resolution begins, at which time, however, it is often replaced by sub- 
crepitant rales It is heard only over the pneumonic area 

In cases with marked consolidation and bronchial breathing, uncompli- 
cated by pleural effusion, loud high-pitched bronchophony occurs, which 
according to Laennec, results from abnormally intense conduction through 
the solidified lung tissue Skoda explained it as being due to the consonance 
of the air in bronchial tubes surrounded by infiltration According to 
Aufrecht it is caused by the presence of quiescent columns of air in the 
bronchi, such columns alone lieing capable of transmitting the vibrations 
of the vocal cords to the pulmonary tissue Bronchophony occurs only 
vhen consolidation is complete It is more common in men than in women, 
owing to the fact that the former speak from the chest At the end of a 
spoken syllable, a short, harsh, rough expiratory puff is heard, whicb the 
last-named author explains as “very likely due to the more passive expiratory 
collapse of the thoracic wall ” 

Associated with Lionchophony, due to the same causes and subject to the 
same exceptions, we find increased vocal fremvtus This generally allows 
us to exclude the presence of pleural effusion but its absence permits of no 
positive deductions It may be temporarily absent owing to excessive 
bronchial secretion, in such cases cough may cause its re-appearance In 
some cases it is persistently diminished or even absent Gerhardt states 
that in cases with intense consolidation, such as those in which at autopsy 
the outlines of the ribs are fuirowed upon the periphery of the lung, fremitus 
IS absent Thickened pleura may cause similar results IMuch less weight 
can be attached to the condition of the vocal fremitus than to the findings 
of auscultation and percussion 

Graves called attention to the fact that disseminated beating synchronous 
vith the heart’s action may be noted in the early stage of pneumonia, and 
likens the condition to a half-filled saclc of fluid Skoda described a pul- 
sation of the hepatized area, not infrequently sjmehronous with the heart, 
a condition probably due to arterial pulsation in the engorged lung 

Conner and Dodge^ carefully studied 392 cases of pneumonia m the early 
stages, iMth the intention of learning the relative importance of the various 
phj'sical signs Their findings are tabulated in the order of importance as 
follows 


’ American Journal of the Medical Sciences, September, 1903 
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1 Circumscribed area of feeble and indistinct breathing compared with 
the opposite side 

2 Circumseribed impairment without or vith a tympanitic quality 
(sitting up) 

3 Crepitant rales 

4 Slight increase in intensity and clearness of vocal resonance 

Bencnir and Jonas ha^c made quite elaborate claims for the advantages 

of iltcrmopalpahou, a procedure b^ which thej believe it is possible to locate 
the seat of the pulmonary inflammation bj an increase in the temperature 
of the overhing skin, perceptible to the touch They state that they have 
demonstrated by the thermometer that such temperature changes do occur 
Meisncr was unable to substantiate these findings Aufrecht inclines to the 
belief that thcrmopalpatioir has some \alue in cases in wdiich peicussion is 
unavailable, such as fractured ribs, hremoptysis or aneurism, although it 
does not yield anv data which cannot be obtained by other means In order 
to carr} out this test the patient’s chest must be unco\eied for a short time 
before the attempt at temperature difierentiation is made, as the effect of 
bedclothes is to make the heat of the skin more evenly distiibuted 

Occasionally we find abnormal phvsical signs on the sound side of the 
chest Thus w hen consolidation exists at the root of one lung, w e may have a 
transmission of bronchial breathing to the opposite side Not infrequently 
we find some dulncss and rales on the sound side, without there being any 
actual consolidation This arises from the fact that one, lung being m part 
consolidated, there is a tendency for more blood to pass through the sound 
lung, and if there is any weakness of the right heart it is apt to stagnate 
there, in addition, the vicarious breathing on the sound side produces more 
negative pressure, so that blood flow's in more freely from the pulmonary 
artery 


THE COMPLICATIONS OF LOBAR PNEUMONIA 

The true compheaUon i of pneumonia are really expressions of the pneumo- 
coccus infection in other organs and tissues than m the lungs The follow mg 
tables arranged m order of their frequency, show the results of collected cases 


Clinical Observations 


Complications 

Total Cases 

Number With 

Percentage 

Albuminuria 

4,792 

2,184 

45 58 

Pleural effusion 

24,511 

1,535 

6 26 

Chronic nephritis 

7,080 

193 

2 73 

Empyema 

13,550 

303 

2 2 

Jaundice 

22,544 

373 

1 65 

Pulmonary tuberculosis 

19,038 

343 

1 7 

Acute pericarditis 

40,773 

499 

1 2 

Acute nephritis 

30,042 

367 

1 22 

Phlebitis 

2,360 

17 

0 72 

Abscess of lung 

12,030 

76 

0 63 

Cirrhosis of liver 

3,644 

19 

0 52 

Acute arthritis 

28,645 

150 

0 50 

Gangrene of lung 

27,761 

136 

0 49 

Acute tonsillitis 

4,052 

16 

0 46 

Acute endocarditis 

32,349 

144 

0 44 

Acute meningitis 

49,028 

206 

0 42 

Acute parotitis 

2,655 

10 

0 37 

Acute peritonitis 

8,132 

28 

0 34 

Pregnancy 

13,611 

120 

0 8 
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Atjtopsi Records 


Complications 

Total Cases 

Number With 

Percentage 

Pleural effusion 

974 

405 

41 58 

Nephritis (acute) 

7,020 

1,334 

19 00 

Nephritis (chronic) 

2,218 

573 

25 83 

Acute pericarditis 

2,128 

267 

12 6 

Otitis media 

54 

4 

7 41 

Acute endocarditis 

2,693 

157 

5 8 

Gangrene of lung 

1,914 

100 

5 2 

Empyema 

973 

50 

5 1 

Acute meningitis 

4,833 

180 

3 5 

Abscess of lung 

1,294 

28 

2 1 

Acute peritonitis 

971 

21 

2 1 

Acute arthritis 

698 

4 

0 58 

Pulmonary thrombosis 

1,830 

5 

0 27 

Acute hepatitis 

293 

155 

52 9 


Pleurisy — ^Among the complications which may arise m the lung itself, 
we may begin with the commonest — 'pleurisy When we consult the histones 
of pneumonia cases we find that often this complication has been left un- 
recorded By reason of its great frequency it is often unmentioned in the 
clinical notes, unless it was of marked severity or was accompanied by 
effusion Hence the recorded data would make the condition seem much less 
common than is really the case Pleuritis occurs m practically all the cases, 
or at least m those cases in which the inflammatory piocess reaches the 
surface of the lung^ It usually corresponds to the location of the pneumonia, 
although occasionally it may be met with on the opposite side It is recog- 
nized by the well-known symptoms and signs — ^pain, restiiction of motion 
and a friction rub on auscultation The latter symptom may be transient 
and often difficult to differentiate from intrapulmonaiy rales These so- 
called dry pleurisies are often accompanied by a plastic exudate, Avhich latei 
on may give rise to adhesions, and thickening of the serous membrane 
Small liquid effusions are apt to be overlooked during the active stage of 
the disease and to become apjiarent only after resolution has begun Mar- 
agliano by using the exploring needle was able to demonstrate sero-fibrinous, 
or fibrino-purulent exudate m 38 out of 58 cases (65 5 per cent ) According 
to Preble the adult pleura must contain 400 cc of liquid befoie its presence 
can be demonstrated by physical signs In 127 autopsies in pneumonia, 
the junior author found pleuritis 59 times (46 4 per cent ), as folloivs 
fibrinous 23, serous 5, fibrous 11, purulent 20 In 173 pneumonia autopsies, 
Kerr found 74 cases of acute fibrinous, 38 cases of acute sero-fibrinous, and 
6 of acute purulent pleuiitis The effusion may occur at any time but seems 
to be most common on the fourth oi filth day Among Sello’s cases it was 
found at the beginning of the attack m 2, during the attack in 31, and 
afterv ard in 24 cases The largest amount of effusion recorded ivas 600 cc 
'Large, rapidly increasing, serous effusions may occui andseiiouslyembairass 
respiration and the heart Of 33 cases, 28 were negative bacteriologically 
and 5 positive, 3 showing pneumococci 
Among 24,511 collected cases, 1,535 had pleuial effusion (6 26 per cent ) 
Of lOO such, 142 or 20 29 per cent died Of 949 autopsies, 405 or 41 58 
per cent had effusion It would seem therefore that the piescnce of effusion 
does not materially influence the prognosis but of course very laige exudates 
might readilv do so This mav have been the ease among Fismei ’s material, 
he hanng found that the mortality was doubled by the complication 
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Among 27 cases of complicating pleural eflusion, Hadden, Mackenzie and 
Ord found that mil the exudate was on the opposite side to that on ivliich 
the pneumonia existed 

The diagnosis is to be based upon the usual signs of pleural effusion but 
it must be borne in mind that the exudate inaj be loculated Doubtful cases 
should be definitely determined by the use of the aspirating needle, as theie 
is alwajs the possibiht-^ that the eflusion ina> be purulent m character 

Lar;^gltlS and Bronchitis — Laryngitis and bionclntis may precede or 
complicate jmeiimonia Bronchitis is practically always present, and it is 
often difhciilt to say at what point a bronchitis should be considered a com- 
plication or merely a part of the disease, it being largely a question of degree 
and of distribution Recent baeteriological research has shown that acute 
infections of the resjnratory tract may be caused by the pneumococcus 
It IS probable that such infections under fa^orable conditions directly lead 
to an attack of pneumonia A complicating bronchitis or laryngitis may 
therefore really be the initial infection Larymgitis is much less frequent, 
and may be a serious coinjilicalion, as m a case reported by Thornton m 
which an ODclcmatoiis condition necessitated a tiachcotomy' at the onset 
of the disease, but in which rcco\cry c\cntuallv occurred A siinilai case 
has been reported by Dorange In 2 cases seen by Landgraf, lary ngoscopical 
examination, pronqitcd by aphonia, disclosed marked congestion of both 
the true and the false cords, with deep ulceration which healed slowdy 

Empyema — Enipycma occurred clinically among 13,550 collected cases 
m 2 2 per cent , and at autopsy was found m 5 1 pei cent of 973 As 
Preble points out, it is curious that the jmeumococcus, w Inch m the lungs 
only rarely produces suppuration, docs so with gieat frequency when it 
attacks the serous membranes Among 325 consecutive cases of empyema 
at Guys Hospital m London, Hale \\ lute' found that 12 0 pei cent follow'ed 
pneumonia In one case 170 ounces of pus wcic found, m another 100 
ounces were secreted within twenty -four hours Of the 45 cases, 13 died, a 
mortality of 29 per cent "White’s investigations, which include 1,341 cases 
of pneumonia, occurring betw cen 1883 and 1898, seem to indicate that the 
frequency of empyema as a complication is increasing Among his 45 cases 
of empyema, pyopericardiiim occurred once, pneumococcus endocarditis 
three times, arthritis once In 288 cases of empyema m children at the Mt 
Smai Hospital, New' York, pneumonia w'as the etiological factor m 182 
Ewart has called attention to the fact that m children 75 per cent of all 
empyemas owe their origin to the pneumococcus and 25 per cent to the 
Sireptocomis pjjoqencs, but that in adults this state of affaiis is reversed 
Empyema generally occurs during the stage of resolution Pneumonia 
complicated by empyema raiely terminates by crisis Sello found only 1 
among 30 wdiich did so 

In 500 cases of pleuritis collected from the records of the Pennsylvania 
Hospital, Philadelphia, by F Fraley, there w ere 95 cases of empyema Of 
these 48 gave a history of having had previously one attack of croupous 
pneumonia, 3 had had tw'o attacks, and 2, thiee attacks Of these 95 
empyemas, 35 immediately followed croupous pneumonia Among 75 
empyemas, only 21 had a definitely hectic type of temperature, and 5 of 
them — chronic cases — ^ivere entirely afebrile, the pus m several of wdnch 


1 Lancet, November 10, 1900 
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proved sterile Three cases of unilateral empyema, following bilateral 
pneumonia, recovered after operation The occurrence in relation to age 
was as follows under five years, 11, five to ten years, 8, ten to fifteen 
years, 9, fifteen to twenty years, 16, twenty to thirty years, 27, thirty to 
forty years, 12, forty to fifty years, 6, fifty to sixty years, 6, and sixty to 
seventy yeais, 1 

Pneumothorax was noted 4 times m 95 empyemas and 4 times m 405 
cases of non-purulent pleuritis Abscess of the lung followed empyema 4 
times Twenty-one out of 95 died (22 per cent ) The following termi- 
nations were encountered 1 ruptured through the diaphragm — perito- 
nitis, 2 ruptured into the lung, with evacuation through the bronchus, and 
1 ruptured externally 

In 46 out of 95 empyemas the following organisms w’^ere found in 1, 
tubercle bacilli, in 24, pneumococci, in 10, streptococci, and 11 w'ere sterile 
Pyopneumothorax w'as found 4 times, one of these being due to pneumonia 
In 268 cases, Netter found that 215 ivere under thirty years of age, among 
Sello’s cases, 15 were under thirty years, 27 under forty years of age 

The symptoms of metapneumomc empyema consist of fever, continuous 
with or coming on after that due to the pulmonary inflammation Chills 
may occur, but generally do not, except at the onset of the fever, which often 
rises rapidly to a considerable degree Sweats are of frequent occurrence, 
especially at night, but pain and dyspnoea are rarely noted Leukocytosis is 
generally found and is very suggestive, especially if it reappears after a post- 
critical absence The physical signs are those of pleural effusion and need 
not be dwelt upon, save to say that the exploring needle should be unhesita- 
tingly and repeatedly used in doubtful cases, for when the exudate is encysted 
or betw'een the lobes, a positive diagnosis may be impossible without this 
procedure 

The exudate of a pneumococcus empyema is odorless, thick, greenish- 
yellow, and rich m cellular elements Microscopically the leukocytes are 
mostly of the polymorphonuclear variety, mononuclears and endothelial 
cells being relatively few in number Generally the pneumococcus is found, 
sometimes there is a mixed infection with pyogenic cocci, such cases being 
more severe in character and accompanied by a higher mortality Some- 
times spontaneous absorption may occur but such an event should never 
be expected or aw^aited Occasionally aspiration may bring about a cure, 
but generally resection of the ribs is necessary If let alone, the pus may 
rupture into neighboring structures such as the lung, bronchus or pericar- 
dium External rupture through the intercostal spaces has occurred, but 
is of great rarity CEdema of the overlying skin is very infrequent 

Netter states that metapneumomc empyema ruptures into the bronchus in 
about one-fourth of the cases When spontaneous evacuation occurs, it 
generally does so during the third or fourth w'eek, rarely before the third or 
after the sixth Such an event may be suspected if there is a sudden expec- 
toration of large amounts of purulent matter, and a lessening of the intensity 
of the physical signs, of the temperature or of the general constitutional 
symptoms The operative mortality in this class of cases is low, lower in 
fact than m other forms of empyema, ranging from 2 to 5 per cent 

Pneumothorax — Among the very rare complications of pneumonia, 
pneumothorax should be mentioned This is most frequently met woth in 
cases of empyema, as the result of the latter rupturing into the bronchus or 
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lung Fismer found 2 such cases among 230 pneumonias Empyema is not 
lio\\e\er a necessary faetor In an analysis of 51 cases of pneumothorax, 
hlorse found 3 in cases of pneumonia complicated by abscess, and one by 
gangrene of the lung In none of the abscess cases were there any symptoms 
at tlie time of onset The plijsical signs were discovered on the seventh, 
fourteenth and tventy-si\th dajs respectively, after the onset of the pneu- 
monia In all of them the pneumothorax nas open, and purulent One was 
not operated upon, and died on the fourth day after the discoveiy of the 
pneumothorax Tliosc operated on recovered The patient with gangrene 
died , operation v as not done 

Hydropneumothoras — Hj'dropneumothorax m pneumonia has been 
reported b> Anthon}', coming on on the fifth day, ^Mth absence of breath 
sounds, dulncss and amphoric breathing in the central regions, and succus- 
sion splash Displacement of the heart necessitated thoracentesis, 1,100 cc 
of sero-fibrinous exudate v ere v ithdrav n, in which pneumococci were found 
in pure culture The subsequent empyema \\as treated by lesection of the 
nbs, death occurred three months later 

Abscess of the Lung — Abscess of the lungoccurredchnicallyin76 among 
12,030 cases (0 63 per cent ) and at autopsj was found m 28 of 1,294 cases 
(2 1 per cent), a frequency which can hi no means be ignored At the 
Pennsybama Hospital, Philadelphia, Fraley found 4 cases of pulmonary 
abscess among 500 cases of plcuritis Two followed pneumonia, in the 
remainder no definite cause could be established, although pneumonia w'as 
suspected as both w ere associated w ith empyema Holt states that in 7 per 
cent of the autopsies upon infants and joung children dying of pneumonia, 
abscesses arc found Thej are usually small and, as a rule, multiple, they 
are rarely clinical conditions Among scleral hundred pneumonia autopsies 
Laenncc had found only “five or six cases,” most of them having been small 
in si7e Andral found but one case which occurred in the middle and lower 
lobes, during the stage of gray hcpativation The pus w as non-odorous, 
contained in the centre a dirty grajush mass, and was surrounded by soft 
and boggy lung tissue In the past, abscess of the lung and empyema have 
been frequently confused and reasonably enough, for the symptoms of the 
tw’o conditions may be similar, especially if the former is situated near the 
surface of the lung Among 750 cases of pneumonia, Sello found abscess 
in 11, 9 being males and 2 females, 4 w'ere fatal and 5 w'ere associated with 
empyema Some occurred early in the course, one on the seventh, and one 
on the eleventh day 

Grisolle’s study based upon 29 cases, show's that abscesses are generally 
found near to the surface, measure from 3 to 5 cm , have an irregular sinuous 
outline, their w'alls being bounded by shreds and tissue detritus In rare 
cases a limiting membrane is found Abscesses vary in size, may rupture 
into the pleura and have been knowm to empty themselves into the peri- 
cardium Such cases have been reported by Bedard, Grisolle and others 
In the cases of the last-mentioned author the age distribution w'as as follows 
fourteen years, 1, sixteen to twenty-six years, 4, thirty-one to thirty-six 
years, 5, forty-five to forty-nine years, 3, fifty to fifty-nine years, 4, and 
sixty to seventy years, 8 cases Eleven of these were on the right side and 
16 on the left Rupture into the oesophagus has occurred 

Pulmonary abscess usually develops insidiously, producing no symptoms 
which are characteristic at first The sputum is increased m amount and 
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yellow in color, later becoming greenish At times it may contain blood 
pigment, or assume a green or blue color by viitue of diffeient cliromogenic 
microorganisms When the abscess is large the quantity of purulent expec- 
toration may amount to several hundred cubic centimeters daily In the 
later stages it is sometimes ofltensive Both cough and expectoration often 
vary greatly wnth the position of the patient INIicioscopically the sputum 
contains leukocytes, epithelial cells, bacteria, crystals of difterent kinds 
and generally shreads of lung tissue The latter are sometimes of sufficient 
size as to be recognized by the unaided eye Elastic tissue, and black and 
yellow pigment also occur The pai tides of lung tissue constitute the 
characteristic feature Fraenkel states the pneumococcus abscesses are 
larger than those in influenza pneumonia, wdiich are apt to the diminutive 
and multiple 

The diagnosis, as Skoda long ago pointed out, cannot be made by aus- 
cultation and percussion alone The cases pursue the couise of a delayed 
resolution, wnth an irregular proti acted fever, and at times hectic symptoms 
“A probable diagnosis might be made if w ith the rapid increase of pneumonic 
symptoms, a large quantity of pus, colored red by blood, should be brought 
up suddenly, follow'ed by improvement in the phenomena of infiltration, 
the condition can be established with certainty only after the demonstration 
of lung tissue m the sputum ” The recurrence of fever after crisis, if 
accompanied by profuse expectoration should ahvays call for a microscopic 
examination of the sputum 

Gangrene of the Lung — Pneumonia occasionally teiminates in ga7i- 
giene of the lung This occurred clinically m 136 (0 49 pei cent ) of 27,761 
collected cases and m 1,914 autopsy reports showed 100 (5 2 per cent) 
As in abscess of the lung, alcoholism and general lack of vitality seem to be 
predisposing factors , among the latter conditions diabetes, nephiitis, typhoid 
fever and insanity deserve to be noted The etiology of gangiene is uncei- 
tain, some cases follow abscess, others occur without it When gangiene 
begins w'e find m the sputum, in addition to vaiious pyogenic miciooigamsms, 
diffeient saprophytic bacteiia through the agency of which necrosis of the 
pulmonaiy tissue rapidly occurs The first symptom is an alteration m the 
chaiactei of the expectoration, which becomes browmish, moie liquid and 
finally prune-juice or chocolate colored hlicioscopically the sputum show's, 
despite its manifestly bloody character, few, if any, red blood corpuscles, 
these cells having undergone solution as the result of the putrefactive process 
From the same cause the particles of lung tissue are more minute than those 
found in abscess, they being barely visible to the naked eye The elastic 
tissue also is no longer sharply outlined in contour Hfematoidin crystals 
may be encountered As the morbid process advances the sputum becomes 
extremely offensive, often to such an extent that the whole room w'hicli the 
patient occupies is tainted with the putrid odor The amount of expectora- 
tion may reach 1,000 cc per diem Its color is grayish or greenish, when 
allow'ed to stand it separates into three layers, the uppermost containing 
mucus and necrotic tissue, w'hich float on account of the air they contain, 
the second layer consists of liquid and the bottom of pus cells and necrotic 
debris Bacteria are abundant, and in addition to the already mentioned 
substances, crystals of fatty acids, of Icucin and tyrosm, of cholesterin and 
pigment may be found Freshly expectorated sputum is generally alkaline 
in reaction, by virtue of free ammonia and alkaline salts w'hicli it contains. 
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on standing it becomes acid from fermentative processes, during which 
but-^ric and othei acids aie produced 

Gangiene of the lung is accompanied by constitutional symptoms of gieat 
severitj, by physical signs of delayed lesolution, and if the patient lives long 
enough, b> evidences of cavity formation Occasionally infection of the 
pleural cavitv pioduces an empjema, or rupture, a p-yopneumothoiax, as 
in a case reported by West Foetor of the breath may be absent, as in one of 
Wells’ cases, and in 39 per cent of those collected by Atkins It must also 
be borne m mind that although foetor is ^ery characteristic of gangrene of 
the lungs, it ma> also occur, though to a less extreme degree, in abscess, 
bronchiectasis, ulceration of the bronchi, etc 

Gangrene occuis chiefly in those advanced m life In 1872 Atkins vas 
able to collect onh 35 cases occmring in infancj' from the entire hteiature 
Fiaenkcl found that 10 6 per cent of 85 cases of gangrene vere due to 
influenza pneumonia, and that 7 5 per cent of all influenza pneumonias 
terminated in gangrene The proportion of all cases of pulmonary gangiene 
vliich arise from pneumonia as reported by different observers is as follows 
Sturgis and Coupland, 38 cases of gangrene, 14 had preceding pneumonia, 
Gnsollc, 70 cases of gangrene, 5 had preceding pneumonia, and Ilensel, 
73 cases of gangrene, 5 had preceding pneumonia The gangrenous process 
may begin m an old tuberculous focus, or in a pulmonaiy abscess Holt has 
reported a case in w Inch an occlusion of the artery seemed to be the cause 
Wagner has recorded a case m nhich a sphacelus of lung tissue, one by 
three inches in size, vas found free m the pleural cavitj , recovery followed 
an opeiation Sometimes the gangrene is localized to the pleuia The junior 
author has recentl> seen pulmonary gangrene follon pneumonia in a man 
aged fort^ -se\ cn ears, in v horn the physical signs v ere practically negative 
until very shortly befoie death, v hen cavernous breath sounds v ere heard at 
the right base accompanied bj very slight impairment of lesonance The 
expectoration vas small in amount, jellov.ish, muco-purulent and homo- 
geneous in character, and devoid of foetor The temperatuie was more or 
less continuous ranging about 100° F, but the pulse and respirations nere 
both very high At autopsy practically the v hole Ion er half of the right lung 
vas destroyed 

Historical reports seem to show that gangrene of the lung is much more 
frequent in certain epidemics Lepine states that it is more common in 
certain climates such as India, Malabar and tbe coast of Coromandel The 
tv o sexes seem to be equally affected A complete tabulation of the reported 
cases of gangiene follov mg pneumonia has been compiled by F AV McRae ^ 

The mam hope of lecovery in abscess and gangrene of the lung lies in 
surgical intervention, for although patients undoubtedly do get v dl without 
operation, the number is much smaller in the latter than in the formei event 
hledical treatment can only be symptomatic and is limited largely to the 
administration of drugs such as creosote, turpentine, oil of sandal nood, 
etc , v Inch tend to decrease the foetor of the expectoration, general tonics 
and stimulants The follov ing comparisons show what may be expected 
from the two methods of treatment Even allowing for the fact that those 
surgically treated were picked cases, the figures are vastly in the favor of sur- 
gery In a series of 110 cases treated medically there were 79 deaths (71 pei 
cent ), w'hile Eisendrath gives the follow ing statistics after operative interven- 

Mournal of the American Medical Association, vol .x- ix, September 27, p 739 
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tion of 25 acute simple abscess, 24 recovered (96 pei cent ), 1 improved (4 
per cent ) , of 28 acute gangrene, 20 recovered (71 4 per cent ), 2 improved 
(7 2 per cent ), 6 died (21 4 per cent ), of 14 chronic simple abscess witli 
bronchiectasis, 6 recovered (42 8 per cent ), 3 improved (21 4 per cent ), 5 
died (35 8 per cent ) , and of 26 chronic putrid abscess with bronchiectasis, 
13 recovered (50 per cent ), 4 improved ^5 3 per cent ), and 9 died (34 7 
per cent ) 

Riesman, Wood and Pfahler have reported a case of gangrene occurring 
ten days after the onset of pneumonia, diagnosed and localized -nith the help 
of the T-rays, and treated by resection of the ribs with recovery Ulatowski 
reported 2 cases operated on by Helfrich with 1 recovery, the second patieilt 
dying, as was shown by autopsy, as the result of constnction of the vena 
cava liy contracting pulmonary tissue Lejars reported 6 cases, which he 
has carefully studied, with 2 complete recoveries, 1 formation of fistula, and 
3 deaths Thvo of the patients v ho died were very weak before the operation 
and 1 had pulmonary tuberculosis He states that three factors aie essential 
for success, localization of the process, pleural adhesions and a large open- 
ing P Delbert reports a case ending fatally, in which however there v ere 
three distinct foci of gangrene Monod contributes an article dealing with 
2 cases, which remained well during prolonged observation He advises 
operation even in cases m which there is apparently sufficient expectoration 
to ensure satisfactory evacuation, provided that the disease can be accurately 
localized Treupel reports a boy aged four years who developed gangrene, 
after abscess due to rupture of an empyema He was not operated upon 
until two years after the original illness but notwithstanding made a satis- 
factory recovery 

Surgery mav be expected to yield good results, when the lesion is limited 
to one lung, when its area is circumscnbed and not diffuse, v hen it is single, 
not multiple, and when there are pleural adhesions “It v ould be very poor 
surgery to attempt any inteiference m a gangrenous lung before nature had 
raised a barrier and limited the disease — that is, before a line of demarcation 
or separation has formed” (LeConte) 

When death occurs as the result of pulmonary gangrene, it may be due 
either to suffocation, or collapse, both ot which are much aided by coincident 
toxsemia If recovery ensues, we may find cavities of vaiying size, dependent 
upon the amount of tissue destruction, or extensive fibroid induration with 
cicatricial contraction 

SubplireillC Abscess — Subphremc abscess is very rarely a sequel of 
pneumonia ^ The diagnosis of “ empyema” is usually made This condition 
has been reported by Claudius, Hawkes, Beck, Schhnder and others 
Winkelmann has recorded a patient invalided for many months, upon whom 
all manner of diagnoses had been made, the true condition was finally 
established by the aspirating needle, excellent recovery followed operation 
The infection probably occurs through the diaphragm and in many cases 
pneumococci have been demonstrated in the pus 

MediastmitlS. ^hlediastimtis IS a very rare complication of pneumonia 
It V as found in 8 among 363 collected autopsies Weichselbaum pointed out 
that in many patients dead of pneumonia, there were evidences of acute in- 

>The whole literature of this subject has been reviewed by Perutz, Centralb f d 
Gremcn d Med v Chir , vol vui, No 10, 1905 
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flammation in the areolar tissue of the mediastinum, neck and clavicular 
fossa;, as v ell as about the oesophagus, cervical vertebra; and trachea This 
■was corroborated by Foa and Bordom-Uffreduzzi Finally, Time succeeded 
in isolating the pneumococcus and tracing it from the lymphatics of the pul- 
monary pleura to the inediastmuin and pericardium (Fiaenkel) The last- 
named aiithoi has seen mall, 3 cases, 2 of them having other complications, 
emp'^ema and pericarditis tw'ice, purulent peritonitis, endocarditis and 
meningitis were also encountered 

In these cases there is often a general pneumococcus septicaimia Pohl- 
mann found one case in 129 pneumonias, in this theie ivas also meningitis, 
pericarditis and peritonitis Broadbent has reported a case m a boy of 
tv elve years w ith pneumonia There had been no crisis, but delirium and 
high fc^ cr continued Cough w as so sca ere as to require the administration 
of chloroform A diagnosis of enlarged bronchial glands was made and 
later confirmed Ultimate recovery followed a rupture of the mediastinal 
abscess into a bronchus Fernet has reported 2 cases, in both the primary 
cause was a focus of infection on the surface of the left lung situated on the 
internal aspect of the superior lobe near the interlobar space The infection 
w as p'\ ogcnic in the first case follow ing pneumonia and septic in the second 
following pulmonary gangrene In both, pleurisy with efiusion developed, 
which invaded the whole of the left mediastinal pleura with prolongations 
into the interlobar space and into the diaphragmatic pleura The general 
cavity of the pleura, however, escaped The diagnosis of mediastinal 
pleurisy is difficult, for though its existence may be suspected it is not until 
a careful search for phjsical signs has been made that a zone of limited 
dulness with absence of pulmonary bruit gnes the diagnosis In the 2 cases 
referred to, this zone was close to the ^ertebral column at the level of the 
interlobar space Operation was performed m both cases, the mediastinal 
pleura was incised and drained 

Occasionallj the bronchial glands m pneumonia are so greatly enlarged 
as to cause pressure sjmptoms, although this is extremely rare Tardieu 
has reported a case in which a loud systolic murmur was heard over the 
great vessels, which seemed to be due to tins cause In 127 autopsies made 
by Longcope at the Pennsylvania Hospital, Philadelphia, very marked 
swelling of the bronchial lymph nodes occurred three times 

Gastro-intestmal Complications — Gastro-mtestmal complications are 
most marked in asthenic cases, and also occur quite frequently as pro- 
dromes, especially in children Collected statistics are as follows 


Complications 
Vomiting 
Nausea 
Constipation 
Diarrhoea 
Tympanites 
Abdominal pain 
Enteritis 

Intestinal obstruction 
Gastric ulcer 


Cases 
5,047 
991 
1,459 
5,336 
40 
1,129 
2,789 
673 

24- f autopsies m "1 
\ pneumonia / 


Present Percentage 
1,356 26 8 

134 13 5 

151 10 3 

190 3 5 

2 5 0 

13 1 1 

30 1 08 

2 0 29 

2 0 8 


Vomiting may result from gastritis, severe coughing, from toxic cere- 
bral irritation or from a complicating meningitis Organic disease of the 
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stomach or intestines sometimes occurs Osier found 1 case of croupous 
gasintis in [100 autopsies A membranous colitis occurred in 1 of 173 
autopsies reported by Kerr, and 5 times in Osier’s series The digestion 
IS not as a rule seriously impaired except as the result of injudieious medi- 
cation Diarrlma may result from intestinal ulceration or from toxsemia 
Remedies calculated to check this symptom should therefore be administered 
only after due deliberation Hemorrhage from the bo^^els may occui 
Wells states that during an attack of pneumonia, patients haibormg intestinal 
paiasites often pass them in large numbers Dieulafoy has described under 
the name of ulcerative and hemorrhagic pneumococcic gastritis a condition 
which may be productive of even fatal hemorrhage It is accompanied by 
nausea, vomiting and pain, and may terminate in peritonitis Dieulafoy 
suggests that in the event of the patient’s recovery such erosions may 
develop into the so-called peptic ulcers JTraenkel has also met with this 
condition 

H Schiller has called attention to meteorism, and states that in slight 
degree it is often present, being favored by restriction of movements of the 
diaphragm If considerable in amount it may be due to peritonitis, septic 
enteritis or toxic paresis When marked it is one of the most unfavorable 
prognostic signs Pneumococci can be found in the peritoneum in practi- 
cally all cases of pneumonia 

Peiitonitis is one of the most serious complications of pneumonia That 
this IS lare is shown by the statistics of collected cases It was found clinically 
in 28 among 8,132 cases (0 34 per cent ) and in 21 among 971 autopsies 
(2 16 per cent ) Pneumococcic peritonitis may be either primary or 
secondary, circumscribed or diffuse According to Lenormant and Lecene 
there aie 74 cases of pneumococcic peritonitis on record In 29 of these the 
process vas diffuse In 16 the condition vas secondary, under such cir- 
cumstances the symptoms are often masked by those of the primary lesion 
The first case in which the diagnosis was made mtra vitam by demonstrating 
pneumococci in the ascitic fluid, was reported by Bozzolo The only treat- 
ment for the circumscribed variety is early incision vith ample drainage 
This primary isolated form is the most common, especially m children The 
sudden high temperature, palpation of an encysted effusion and diarrhma 
are the mam features The pnmary diffuse form presents a syndiome 
exactly like that of peritonitis secondary to appendicitis Some recoveries 
are reported after operation m the secondary encysted foim, but no recoveries 
are recorded from the secondary diffuse variety 

hlenetiier and Aubertm have reported a case coming on three veeks after 
a pulmonary congestion, Nelaton a case which appeared one month after a 
pneumonia, and de Grancher and d’Audin cases appearing at the termination 
of a bronchopneumonia The case of Lenormant and Lecene followed nine 
days after operation for empyema Audion has found the peritoneal lesions 
most marked on the right side, near the liver Pneumococci v ere demon- 
stiated on both sides of the diaphragm in a case of abscess of the lower lobe 
of the right lung The same occurred m a second case, in which infection 
could be traced from the pleura to the peritoneum In the vast majority 
the extension is direet, v itliout infection through the blood or lymph chan- 
nels, although this may occur, the only necessary factor being a solution m 
the continuity of the pleura, and sufficient virulence on the part of the 
organism 
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Burkhart has seen a case occuning t^^elve days after a pneumococcic 
empyema A Ghon* reports 5 cases of pneumococcic peritonitis originating 
in lesions of the stomach In 2 of them there m as a preceding pneumonia 
Ot 81 cases of peritonitis collected by Hoiiard, 36 had had pneumonia, 
(44,4 pci cent ) Ncttci in 162 cases of pneumococcic infection found only 
2 in 11111011 the peritoneum iias iniolved Faiicett has reported 5 cases 
among 182 fatal cases of pneumonia As a general rule pneumococcic 
peritonitis is a primary infection oi else part of a general septicaemia The 
simptoms do not difiei from peritonitis due to other causes From a 
practical standpoint its chief interest lies in the fact that it may be very 
closely simulated by the reflex abdominal pain ivhicli occurs vith consider- 
able frequency in pneumonia, without any peritoneal lesion 

I^ongcope has recenth called attention to the fact that at least as a terminal 
complication, peritonitis in pneumonia is not so rare as the literature v ould 
lead us to suppose In the last 23 consecutive pneumonia autopsies at the 
Penns) h ‘'iiiia Hospital, Philadelphia, i\ ell-marked peritonitis vas noted 
5 times The pneumococcus vas recoveied in cultures in 3 cases, the 
streptococcus m 2 Cophn has shown that the diaphragm itself may be the 
seat of degenerate c changes, but this may also occur in septiciemias due to 
other organisms than the pneumococcus 

Cardiovascular System — ^The cauhac compheahons of pneumonia are 
of extreme importance, not only concerning the immediate outcome but 
equally regarding the subsequent life and health of the patient It is now 
generally recognized that the infectious fevers are capable of exerting 
permanent and often maiked damage upon the heart and arterial system, 
a damage, vliicli, although it may not be apparent or be overlooked at the 
beginning, ne^ crtheless institutes a scries of changes vliich make themselves 
c^^dent at first through diminished capacity and later through manifest 
degenerations of the cardiovascular system The effects of pneumonia upon 
the heart itself inav be brought about through the toxiemia or by the micro- 
organisms thcmsches In the former instance the damage is more apt to be 
of a transient nature, v Inch if the disease itself be overcome, the course of 
time vill remedy The latter is more apt to lea\e behind a permanent 
organic lesion, the usual tendency of iihicli is to become progressive 
Endocarditis — As Bouillaud first pointed out, pneumonia is one of the 
causes of endocaiditis Since then acute endocarditis has been ascribed to 
pneumonic infection with the following frequency Abraham, 1 out of 9, 
Banti, 8 out of 22, Dcsse, 14 out of 34, Haibitz, 9 out of 43, Traux, 1 out 
of 6, Kanthack and Tickell, 14 out of 84, Lenhartz, 5 out of 38, Osier, 
64 out of 209 (ulcerative), Jackson, 1 out of 5, Walter, 1 out of 21, and 
Weichselbaum, 6 out of 33 Pneumococci were first demonstrated in the 
valvular lesions of acute endocarditis by Meyer m 1887 

Acute endocauhiis occurred in 144 of 32,349 collected cases (0 44 per 
eent ), and in 157 of 2,639 autopsies (5 8 per cent ) The discrepancy 
between these figures shows that endocarditis is frequently overlooked 
Pneumococcus endocaiditis differs in several respects from other varieties 
of this condition It is twice as common m women as in men and about 
three-fourths of the cases are ulcerative m character Among 16 cases found 
by Oslei m 100 autopsies, 5 were simple and 11 ulcerative, chronic endo- 


' Ghon, Wien Klin Woch , 1904, p 267 
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carditis occurred in 21 out of 80 cases The left heart is more often attacked 
than the right, but the right is more frequently diseased than is the case in 
other varieties of endocarditis Netter found lesions in the right heart in 
one-seventh of his cases “To put it another way In 17 8 per cent of 
the cases of pneumococcus endocarditis the right heart is affected, while only 
6 7 per cent of the cases of endocarditis m general are right sided” (Preble)* 
The aortic and pulmonary valves are oftener diseased than the mitral and 
tricuspid Wells found cardiac liromboses more frequently than in any other 
disease, 169 instances of antemortem clot in 777 autopsies (21 7 per cent ) 
Infarction takes place in about one-half of the cases, not rarely as is gener- 
ally stated About 60 per cent of the cases are associated with meningitis, 
but when the latter is the primary complication, it is accompanied by 
endocarditis in about 30 per cent 

The exact distribution in Preble’s cases was as follows 

Per Cent 


Aortic only 56 39 7 

Mitral only 40 28 3 

Aortic and mitral 20 14 1 

Tricuspid only 12 8 5 

Pulmonary only 5 3 5 

Aortic, mitral, and tricuspid 5 3 5 

Mitral and tricuspid 2 14 

Aortic and tricuspid 1 0 7 

In Jurgensen’s collection we find 

Per Cent 

Aortic only 18 7 

Mitral only 66 3 

Aortic and mitral 9 2 

Tricuspid only 0 4 

Pulmonary only 2 3 

Aortic, mitral, and tricuspid 1 0 

Mitral and tricuspid 1 8 


Aufrecht gives the following data regarding the distribution m relation to 
age, as ell as the distribution of pneumonia itself 

Pneumococcus Endocarditis Pneumonia 

Decade Per Cent Per Cent 


First 

2— 

1 

4] 



6 

81 


Second 

8— 

■ 5 

7 

11 

9 

22 

2 

58 

Third 

15—10 

8 j 



29 

oj 


Fourth 

42— 

-30 

41 



17 

0 


Fifth 

27- 

-19 


•70 

9 

13 

0 

35 5 

Sixth 

29- 

-21 

0, 



5 

5 J 

Seventh and over 

15—10 

8 



6 

0 



Acute endocarditis therefore is much more common over thirty years of 
age than in earlier life It seems that patients with chronic endocarditis 
are more likely to develop an acute infection than those in which the endo- 
cardium IS healthy Among 945 cases of pneumonia. Sears and Larrabee 

‘ Preble, Aviencan Journal of the Medical Sciences, November, 1904, has collected 
132 cases of pneumococcus endocarditis from the literature From this excellent 
monograph many of the data have been taken 
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found chronic endocarditis in SO, of ivliich 4 came to autopsy, 3 had acute 
endocarditis As is the case with other complications, endocardial infection 
IS more apt to occur in alcoholics and otherwise debilitated individuals 
Acute endocarditis may occur in animals experimentally inoculated with the 
pneumococcus but generally only if the valves have been previously injured 
About 25 per cent of Preble’s patients had a history of antecedent valvular 
lesions 

Acute endocarditis is very readily and frequently overlooked, owing to the 
fact that in the majority of cases physical signs are absent, and when such 
exist they are generally overshadowed by those of the pulmonary disease 
itself Systolic murmurs are very common in pneumonia, and those which 
are due to acute inflammatory lesions are in no way characteristic As in 
other diseases diastolic murmurs are very suggestive, particularly since in 
pneumonia the valves at the base are so often affected The most sug- 
gestive and often the onlj positive features of this condition are symptoms 
referable to infarction of different organs If the spleen is affected we may 
find enlargement, pain and tenderness, if the kidneys, pain and hsematuria, 
if the lungs, pain, bloody sputum and signs of consolidation, if the skin, 
petechue and ecch^mioses Boston has reported a case of acute endocarditis 
m pneumonia in w Inch there w as a small pneumococcic abscess in the wall 
of the right ^entrlcle Blood cultures may be of assistance in arriving at a 
correct diagnosis, Preble collected 9 cases in wdnch this procedure had been 
positive, in some of wdiich more than one attempt w’as necessary Acute 
endocaiditis complicated by abscess of the thjToid gland has been reported 
by Schlender 

The sjmptoms of pneumococcus endocarditis are similar to those of 
other varieties Fever is generally present, may be continuous with that of 
the primary process, intermittent, or accompanied by afebrile periods of 
varying duration Chills and hectic symptoms are by no means rare but 
prolonged apjrexia is not unknown In the case reported by Lesage and 
Pineau,^ wdiich lasted three months, there was complete absence of fever 
The average duration of the fever in 109 of Preble’s cases w'as thirty days, 
the extremes were seven and one hundred and eighty days The pulse is 
subject to w ide fluctuations, being in some cases very rapid, m other cases 
slow' Bradycardia may be the result of a complicating meningitis, but may 
also arise from other causes Bramw'ell has reported a case in a man aged 
sixty-four years wuth aortic stenosis, terminating fatally on the seventh day, 
in w'hich the pulse w'as never above 64 On the last day the temperature 
w'as 100, the pulse 56 and the respirations 39, a ratio of l| to 1 The pulse 
rate often varies greatly from minute to minute and is much affected by 
change of posture 

The prognosis is extremely grave In Preble’s 132 cases there were but 
four recovenes and in one of these the diagnosis w'as in doubt It is likely 
that unrecognized cases recover more frequently and indirect evidence of 
this IS found in the fact that many cases of chronic endocarditis, in the 
absence of other previous infectious fevers, give a history of an antecedent 
attack of pneumonia 

In 20 cases of pneumococcus septicaemia, Lenhartz found 10 of acute 
endocarditis (50 per cent ) and Roemheld found about the same proportions 

' Lesage and Pmeau, Comptes Rendus, Soc Biolog , 1893, p 124 
VOL 2 — 39 
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Weichselbaum in 14 cases of ulcerative endocarditis found the pneumo- 
coccus in 3, and Harbitz in 3 among 39 cases of endocarditis 

As to the effect of chomc endocarditis upon pneumonia, Hay states that 
in well -compensated cases, the course of the disease is unaffected, except that 
delayed resolution is apt to occur The writer’s investigations lead to 
different conclusions Of 114 cases of pneumonia complicated by chronic 
endocarditis 37 or 32 46 per cent died, a figure certainly above the average 
mortality, although it must be borne in mind that a number of these cases 
vere advanced in life and probably the subjects of renal disease . 

Pencarditis — Acute pericarditis, either serous, plastic or purulent, occurred 
268 times among 2,128 autopsies (12 6 per cent ), and 499 times among 
40,773 collected cases of pneumonia (1 2 per cent ) It is therefore by far 
the commonest cardiac complication and stands high up among complica- 
tions in general The wide vaiiation in the frequency with which the con- 
dition IS reported by different observers shov s that even allowing for errors 
the condition is more frequent at certain times ^ That pericarditis is fre- 
quently found unexpectedly at autopsy is well known Friction sounds over 
the precordium are often transient and of short duration Furthermore 
they are often obscured by rales, the breath sounds, and pleural friction 

Infection may occur through the blood or the lymph streams, but quite 
often results from direct extension from infected areas of the lungs and 
pleuiiE In a large proportion of Jurgensen’s cases the lingual process of 
the left upper lobe was diseased Sears and Larrabee found the right lung 
diseased in 10 out of 18 cases Chatard noted the right lung in 13, the left 
in 5 and both lungs m 13 Kerr found the left lower lobe involved m 12, the 
right lower in 9, the right middle in 2 and both lower m 3 cases J A Scott 
in 76 autopsies on lobar pneumonia at the Pennsylvania Hospital, Phila- 
delphia, found pericarditis in 38 or 50 per cent In 20 or 52 56 per cent , 
the exudate was sero-fibrinous, in 17 or 44 7 per cent , purulent, and in 1 
case the pencardium was obliterated by chronic inflammation Among 40 
cases of pericarditis 22 occurred in pneumonia, m all of these pleuritis 
co-existed, and m 6 cases both the pericarditis and the pleuritis were fibrino- 
purulent In 170 autopsies m pneumonia, Lance and Kanthack found 
pericarditis 37 times It was associated with the following conditions 
acute endocarditis 4, pleuritis or empyema 8, peritonitis 1, meningitis 1, 
synovitis 1, pleuritis and peritonitis 2, meningitis and peritonitis 1, pleuritis 
and endocarditis 1 Chatard found the pneumococcus m the pericardium 
in 19 out of 29 cases, no other important organisms being cultivated 

Dietl has endeavored to shoi\ that venesection greatly increases the fre- 
quency of pericarditis but the number of cases upon which he based his 
deductions u as too small Pericarditis may appear during any stage of the 
disease but does so most often during the fastigium The onset is unaccom- 
panied by any characteristic symptoms or signs The heart should be 
examined with care daily but even under these circumstances, detection may 
be impossible The symptoms are similar to those of pericarditis due to 
other causes The temperature may be normal and if present as the result 
of the primary disease it may be depressed by the presence of a purulent 
exudate The seriousness of the prognosis is materially enhanced by this 
complication, which interferes both mechanically and by being associated 

’Netter found pericarditis in pneumonia during the years 1837, 1876, 1882, 1886 
and 1890 much more frequently than in the intermediate years 
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mtli mj'ocaiditis Among 207 cases, 125 died (60 per cent ) In 55 fatal 
cases ot pneninoma Satterthii aite found that in 10 instances death was di- 
lectly attributable to peiicaidial involvement 

Tieatment should consist of the local application of cold to the piecor- 
diiim, and such other measures as the individual case may lequiie As soon 
as the presence of an effusion is ei en reasonably established, an exploratory 
punctuic should be made and if the exudate prove purulent in character the 
patient should be turned over to the surgeon for resection and drainage as 
this offers the only hope of lecovery 

Vascular Lesions — A fairly laige number of cases of peripheral venous 
thrombosis are recoided m the hteiature Steiner has lepoited 3 and 
collected 3S instances He states that the condition is usually a sequel, 
though it may come on at anv time Of 41 cases, 9 died, 25 recovered, in 
7 there were no data In 5, death was due to pulmonary embolism The 
condition is laie, despite the fact that m pneumonia the blood is rich m the 
elements vliicfi favor clotting The lovei extremities are nearly alvays the 
seat of mvohement and the left side moie often than the right, owing to the 
anatomical conditions Ashton and Landis in 991 cases of pne inionia found 
1 case of thrombosis of the external ]ugu]ar and axillary veins, which 
terminated m death Dosi saw a case in Inch a thrombosis of the ascending 
vena cava V as impel fccth compensated J N Hall leported a case involving 
the cervical leins Pulmonary thrombosis is one of the causes of sudden 
death m pneumonia Doublcday found 1 such case in 252 pneumonias 
The junioi authoi found 1 case of pulmonary thrombosis m 127 autopsies 
Other vascular lesions veie infarct of the lung 2, of the kidney 3, of the 
spleen 7, Among our collected cases pulmonary thiombosis occurred 5 
times in 1,830 pneumonias, (0 27 per cent ), and peripheral thrombosis 
17 in 2,360 (0 72 pei cent ) 

Kiedel’s case ot popliteal thrombosis necessitated amputation Seidel- 
mann saw symmetiical gangiene in the fingers and thumbs of both hands, 
m a female of 29 years, vho developed double pneumonia 29 days after 
giving birth to tv ms Hjelt has repoited embolism of the abdominal aorta 

Embolism of the light lenticulo-optic artery vas encounteied by Aldrich 
As a result of embolism one sometimes meets vitli spontaneous gangrene 
of the extremities Cases recoided show that the legs, fingers and toes have 
been lost, in some amputation vas performed, m others spontaneous slough- 
ing took place 

Renal System — Albummuna — ^Albuminuria vas found m 2,184 of 
4,792 collected cases (45 58 per cent ) Exclusive of these figiiies transient 
albuminuria has been reported vitli the folloving frequenc;y Fiaenkel and 
Rciclie 42 6 per cent , Rosenstein 23 1 pei cent , Craemer 68 18 pei cent , 
Bleulei 52 per cent , Moihait 37 per cent , Pohlmann 37 per cent , Stoertz 
52 1 pel cent , Petzold 14 per cent Of 1,353 cases with albummnria, 430 
died (31 78 per cent ), of 628 cases without it 62 weie fatal ( 87 per cent ) 
Accoidmg to Fraenkel and Reiche the condition bears some relation to the 
extent of the pulmonary involvement When only one lobe was diseased 
they found 39 per cent , vhen laige areas vere consolidated, 54 per cent 
The albuminuria also seems to be more frequent m cases ending by lysis 

The vast majoiity of these albuminurias are transient m character, and 
accompanied only by a few hyaline casts, epithelial cells and leukocytes, 
occasionally red cells are found, these representing a higher grade of renal 
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irritation It is not possible to make a sharp distinction between the so- 
called “febrile albuminuria” and mild grades of nephntis Both Senatoi 
and Aufrecht hold that the matter is simply one of degree, both processes 
being caused by the same factors, namely the presence of micioorganisms* 
or their toxins in the kidneys When the organisms are numerous or the 
toxins virulent severe giades of nephritis may be produced The question 
must therefore be decided largely by the duration If the albuminuria is 
simply due to the fever, it will disappear with, or soon after, the crisis The 
albumin and casts occurring as the result of acute nephritis are m no wise 
different fiom those encountered in other varieties of acute inflammation of 
the kidney 

Nephritis — ^In 30,042 collected cases, acute nephritis occurred m 367 
(1 2 per cent ) and m 1,334 autopsy reports, it v as noted in 255 (19 per cent ) 
Of 116 cases of acute nephritis m pneumonia, 76 died (65 52 per cent ) 
Nephritis may come on at any stage of the disease Uriemia and oedema 
are uncommon symptoms, luematuria is frequently encounteied The 
usual termination is m death oi recovery, chronic nephritis being an 
unusual outcome V Leyden, Eisenlohi, Fiaenkel and Reiche, have each 
reported one such event Among 489 cases of pneumonia the senior author 
found nephritis 92 times, of which 55 died (59 per cent ) Acute nephritis 
occurred 6 times, 4 being fatal (66 per cent ) Among 127 pneumonia 
autopsies collected by the junioi author from the records of the Pennsylvania 
Hospital, Philadelphia, the following pathological conditions were found 
cloudy swelling in 45, acute nephritis in 18 and chronic nephritis m 53 
Hremoglobinuria has been repoited by Nash 

In 275 autopsies on patients dead of pneumonia at the Philadelphia 
Geneial Hospital, Anders found renal lesions m 90 5 per cent , occurring as 
follows chronic interstitial nephiitis 145 (52 7 per cent ), chronic paien- 
chjTnatous nephritis 50 (18 per cent ), acute nephritis 38 (13 8 per cent ) 
It must be borne m mind that in this hospital the majority of the patients are 
advanced in life and the subjects of arterial or other chronic disease Among 
the remaining 25 cases, 1 had a renal calculus, 1 tuberculosis of the kidney, 
and most of the rest subacute nephritis Pneumonia occurs very commonly 
as a terminal infection m chronic nephritis, and individuals with this and 
arteriosclerosis are apparently more likely to have lobar than broncho- 
pneumonia as a terminal infection In 195 carefully studied autopsies on 
cases of pneumonia, Howard found in 36 cases of secondary lobar pneumonia 
that arteriosclerosis was the most marked chronic lesion in 10 and nephritis 
in 3, whereas in 124 cases of secondary bronchopneumonia, arterial de- 
generation was the most conspicuous lesion in 12 and chronic nephiitis m 3 

Our collected statistics are as follows Abscess of the Lulney was found 
in 3 (0 25 per cent ) among 1,194 and renal calcuhis in 2 patients among 708, 
both of whom died 0? clntis was found in 2 among 930 In 72 autopsies 1 
had hydronephrosis and 1 pyelitis, in 573 autopsies 148 (25 8 pei cent ) had 
cJnonw ncphitis and in 172 autopsies 3 had icnal abscess Rctcndtion of 
nnne occurs occasionally, but it seems unlikely that the pneumonia has any 
direct effect upon the condition 

The Skin — ^The skm m pneumonia may show various processes, but the 
majority are simply the result of coincidence Thus erysipelas is occasionally 

'Fraenkel and Reiche found the pneumococcus in the kidneys in 22 out of 26 cases 
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encountered Among 489 cases the senior author found eiysipelas m 1, 
eczema m 1, urticaria m 3, furunculosis m 1 The junior author found 
2 cases of erysipelas among 127 autopsies Collected cases give the fol- 
lowing data 


Condition 

Cases 

Occurrence 

Erysipelas 

8,043 

32 

Loss of hair 

1,065 

1 

Furuncles 

230 

5 

Purpura 

949 

1 

Erythema multiforme 

500 

1 

Petechial 

486 

1 

Ecthyma 

133 

1 

Herpes zoster 

1,065 

2 


Undeni ood has reported a case of purpura liBemorrhagica as a sequel of 
pneumonia, m i\hich there was also delayed resolution, arthritis of the left 
ankle, erj^hema, persistent epistavis and melicna. An instance of pneu- 
mococcic metastatic dermatitis has been recorded by Wolkowioz Desqua- 
mation has occurred, Campani having reported a number of cases The latter 
condition occurs during convalescence on the face, principally on the nose 
and cheeks, and is probably analogous to the desquamation in typhoid fever 
Jaundice. — ^The marked diversity of opinion as to the frequency of jaun- 
dice in pneumonia is to be explained by the fact that slight degrees are easily 
overlooked and that its occurrence varies greatly in different epidemics 
Regarding its pathogenesis, numerous theories have been advanced Venous 
stasis has been suggested but this is rarely sufficient to account for the icterus, 
nor IS stasis in other organs often found Again stagnation of bile resulting 
from restricted excursions of the diaphragm is an unsatisfactory explanation, 
as m this case jaundice should be much more common when the right lov er 
lobe IS involved, but according to Petrow, who has especially studied this 
point, jaundice occurred only in 6 of 57 right-sided pneumonias 
Banti from a study of 15 cases concluded that luemolysis was brought 
about by the pneumococcus His cases at autopsy showed patent bile ducts, 
inspissated bile and bile stained teces Microorganisms fiom these patients 
when injected into animals produced hsemoglobinuria, those from others in 
which no jaundice existed failed to do so Lately a number of vTiters have 
reported cholecystitis, duodenitis and catarrh of the smaller bile ducts 
When the jaundice is marked, nearly all observers have encounteied a high 
mortality Mosler 73 per cent , Fismer 20 per cent , Musser 25 per cent and 
Norris 61 per cent As Preble suggests, this high mortality is probably not 
alone dependent upon the actual intensity of the icterus, but also upon the 
etiology These patients usually manifest all the symptoms of severe 
cholaamia, and according to some French authorities very often have dila- 
tation of the heart Albuminuria is often caused oi if already present is 
intensified by cholsemia, and the sputum may be of a greenish hue 
Much discussion has been carried on concerning the so-called “bihous 
'pneumoma,” a form of the disease not necessarily associated with icterus, but 
accompanied by marked nervous and gastro-mtestinal symptoms, prostration 
and a high mortality It was originally described by Stoll and by Traube, 
and corresponds more to what is now characterized as asthenic or typhoid 
pneumonia The term “bihous pneumonia” should be dropped, it being 
but a poor description of uncertain forms of pneumonia 
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Jaundice probably arises from a vaiiety of causes retention of bile, 
infection of the gall ducts, gall bladder or liver, hypostatic congestion, 
toxiemia and hsemolyis, the latter being of considerable impoitance When 
cholecystitis is present, its symptoms are apt to be overshadowed by the 
primary disease The character of such inlection varies, in Gilbert and 
Grenet’s cases it was the colon bacillus, m Clairmont’s case, Fiiedlandei’s 
bacillus Changes in the hepatic parenchyma, cloudy swelling, etc , may 
cause a perversion of function, in the same way as the renal epithelium may 
permit the passage of albumin The consensus of opinion hov ever seems to 
be that there is no direct relation between the pneumonia and the jaundice, 
other than an accidental complication w'hicli occurs wuth greatei frequency 
among alcoholics 

Enlargement of the Liver. — ^Enlargement of the liver is quite often en- 
countered, the edge being palpable a short distance below the costal margm 
This may result from actual enlargement, the result of cloudy sw^elhng, or 
may be only apparent, being merely a displacement dowmw^ard, produced by 
massive consolidation of the right lung, pleui al exudate or subdiaphragmatic 
abscess Gilbert and Gienet studied the size of the liver m 48 cases and 
found it palpable below the costal margin in one-fourth of the adult cases 
and in all instances among children, but not so in those of advanced age 

The collected statistics of hepatic complications are as follows Of 22,544 
cases, 373 or 1 65 per cent had 3 aundice and of 344 so affected, 54 or 15 7 
per cent died, of 173 patients, 35 or 20 23 per cent had a palpable liver, 
in 7 of whom the liver w^as tender, of 201 patients, 1 had perihepatitis and 1 
had liver abscess, of 3 644 patients, 19 (0 52 per cent ) had cirrhosis of the 
liver, of 500 patients, 1 had acute hepatitis and of 991, 1 had carcinoma 
of the gall bladder, of 949, 1 had a gumma and another a distended gall 
bladder Of 144 autopsies 8, oi 5 55 per cent show^ed nutmeg liver, of 517 
autopsies, 26 or 5 03 per cent showed cirrhosis, of 216 autopsies, 115 or 
53 24 per cent showed fatty liver, of 72 autopsies, 1 had stenosis of the 
hepatic duct, of 293 autopsies, 158 or 52 9 per cent had acute parenchy- 
matous hepatitis , of 400 autopsies, 9 or 2 25 pei cent had jaundice, of 173 
autopsies, 5 or 2 89 per cent had gummata and of 127 autopsies, 2 or 1 5 
per cent had cholecystitis 

It IS to be noted that the mortality m the cases complicated by jaundice is 
decidedly low% this being opposed to the statements generally made in text- 
books dealing wath the subject, and showing that the icterus pei se is not an 
unfavorable factor 

Nervous System — Complications m the nervous system may be veiy 
varied It is often difficult to determine just w'hat relation the pneumococcus 
bears to the nervous system For instance, Seitz has succeeded in cultivating 
this organism from the central nervous system of a patient dying of Landry’s 
paralysis, who had no other evidences of such infection 

Moiingismus is quite common in pneumonia, especially in childhood 
This condition may arise from a variety of causes, — ^reflex, toxic, febrile otitis 
media — other than pneumococcic infection of the meninges Primary 
pneumococcus meningitis may of course occur, but in the present article 
we are chiefly interested in the secondary variety follownng pulmonary 
lesions 

Memngitis Among 49,028 collected clinical cases meningitis occuired 
m 206 (0 24 per cent ), and at autopsy in 180 out of 4,833 (3 5 pei cent ) 
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Aside from children, meningitis occurs chiefly m those debilitated from dif- 
ferent causes Fox collected 29 cases, 9 were m drunkards, 7 m red and 19 
in gray hepatization, 8 had empyema, and 1 suppurative pai otitis, most of 
them occurred betv een the third and the seventeenth day 

The duration of symptoms vas one day m 22 cases, two days m 19 cases, 
three days in 7 cases, four days m 6 cases, five days m 3 cases, six days 
m 1 case, seven days in 3 cases, eight days m 2 cases, nine days m 1 case and 
eleven days in 1 case (Netter) 

The day of onset was on the third day in 1 case, fourth day in 1 case, 
sixth day m 4 cases, seventh day m 1 case, eighth day in 2 cases, ninth 
day m 3 cases, tenth day m 6 cases, tv elfth day in 2 cases and seventeenth 
day m 2 cases (Nauwerk) 

hlemngitis seems to be pretty evenly distributed betveen the sexes, when 
allowance is made for the greater number of cases of pneumonia which 
occur in men Netter found 90 cases m males to 39 m females The major- 
ity occur in the third, fourth and fifth decades Among the cases of this 
author, 26 per cent were under tv'enty-five years, 44 per cent between 
twenty-five and fifty years, and 30 per cent over fifty years of age As 
m other complications, meningitis is more common m certain epidemics 
In Dorpat for instance, Meyer found 5 cases among 11 autopsies 

The majority of the cases occur during the acme of the disease Infection 
may take place through the blood, lymphatics, the aieolar tissue beginning 
m the mediastinum and extending upward to the nose, accessory sinuses, 
or ethmoidal fenestrations Nauwerk found the convexity of the brain 
involved 4 times, the convexity and base 16 times, the convexity, base 
and spinal cord, 7 times The distribution of the inflammatory process 
and exudate accounts for the great diversity of symptoms Fraenkel has 
called particular attention to the fact that in pneumococcic meningitis 
the onset, and even the entire course, may be insidious This v'as particu- 
larly the case in adults and occurred m 4 of his 5 cases, in one of them even 
rigidity of the neck was entirely absent The earlier in the course of the 
disease the meningitis ajipeais, the more striking are the symptoms 

In 489 cases of pneumonia the senior author found retraction of the head 
without meningitis in 3, headache in 10, stupor in 23, delirium in 77, sub- 
sultus tendmum in 16, convulsions in 5, hiccough in 1 (fatal), delusions and 
hallucinations in 1 Dally has repoited paralysis of the ocular muscles of the 
right eye, which was turned upward and outward, m a girl aged eleven years 
Lumbar puncture was negative and recovery ensued 

The symptoms when present are those of meningitis due to other infec- 
tions, headache, vomiting, cervical rigidity and reti action, and delirium 
If no more than these are present it may be impossible to decide whether 
w e are dealing with a meningitis or not The diagnosis must generally be 
based upon the appearance of more definite symptoms such as neuro- 
retinitis, paralyses of the cranial nerves, etc , slowness of the pulse, mono- 
plegias or hemiplegias Generally the question may be definitely settled 
by lumbar puncture In some cases the cardinal symptoms from the \ery 
time of onset are those of meningitis, definite signs of pneumonia making 
their appearance several days later Here the interesting question suggests 
itself, as to the relationship of the pneumococcus to the meningococcus, and 
of pneumonia to cerebrospinal meningitis, and as to w^hether the portal of 
entry m the last-named disease may not be the lung Four cases of cerebro- 
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spinal meningitis apparently due to the pneumococcus have been reported 
by Willson Occasionally the meningitis appears a long time after the 
pneumonia, as in a case reported by Aufrecht, in ivhich it appeared two 
months after recovery from a pneumonia complicated by empyema, in w'hich 
there had been no cerebral symptoms during the primary attack The 
presence of meningitis adds very much to the seriousness- of the disease 
Undoubtedly some cases do recover, but in these there is the suspicion that 
Ave may have been dealing with sj^mptoms only and not Avith organic disease 
All of Nauwerk’s cases died Of 33 cases collected by the Avriters, 31 or 
93 93 per cent w^ere fatal 

Hemorrhagic encephahtis has been described by Weichselbaum 

Coma and Stupor — Coma and stupor may occur m pneumonia They 
are unfavorable symptoms Avhich occur most frequently in toxic cases and 
in children, they may be associaj;ed wnth headache, vomiting and rigidity 
of the neck without there being a meningitis present 

The condition of the pupils has been studied by a number of observers, 
without any definite conclusions being reached Zanoni found mydriasis 
quite fiequently, he attributes it to the action of the antitoxin, and considers 
its absence prognostically unfavorable Sighicelh found dilated pupils 
frequently but considers it an unfavorable omen He also found inequality 
quite often, the larger pupil being usually on the side corresponding to the 
pulmonary lesion This may be due to tox<emia but more probably results 
from reflex irritation of the superior cervical sympathetic ganglion through 
inflammation about the pulmonary branches of the vagus Eason observed 
mydriasis on the side of the lesion in 24 out of 54 cases The junior author 
examined 64 patients w itli especial reference to the pupillary condition but 
found inequality only twice, although the upper lobe of the lung w'as in- 
volved in 33 In one case there Avas mydriasis, in the other myosis, of the 
affected side Pupillary inequality is by no means infrequent m healthy 
people, whose eyes differ m refractive powder, this being especially the case 
wdien myopia and hypermetropia co-exist Furthermoie it is quite common 
for the pupil nearer the source of illumination to be smaller than the othei, 
so that w^e must eliminate a number of causes before ascribing pupillary 
abnormalities to pneumonia Schultze has reported temporary absence of 
the light reflex 

Neuntis — Neuritis as a complication or sequel of pneumonia has been 
reported by a number of observers The diversity of the nerves involved 
suggests that the etiological factor is a toxic one Aldrich has reported 
neuritis of the brachial plexus following pneumonia, resulting m atrophy of 
the trapezius, spinati, deltoid and supinator longus muscles The pain in 
the shoulder associated wnth the neuritis Avas preceded by a severe attack of 
singultus AA^hich came on during convalescence and lasted five days He 
believed that the neuritis began in the phrenic nerve Brachial neuritis 
occurring during the attack is reported by I,eszynsky External oculo- 
motor paralysis in apical pneumonia, disappearing Avitli resolution, Avithout 
cerebral s^miptoms and probably toxic, has been recorded by Voute A 
case of left-sided ulnar neuritis folloAving pneumonia on the same side, 
W'as observed by Rouger The senior author found 1 case of bilateral 
ulnar neuritis among 415 pneumonias Multiple neuritis as a sequel has 
been recorded by Conner, in Avhose patient, three w^eeks after the onset of a 
pneumonia, extensive, almost complete, paralysis of the extensors of the leg 
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and left arm, with slight loss of power in the right arm, without anaesthesia 
occurred Theie was numbness of the finger tips, anaesthesia over the crests 
of both ilia, and girdle sensations, but otherwise no sensory disturbances 
One week later complete paralysis of the diaphragm appeared and lasted 
SIX wrecks, fair recovery follow^ed 

Renon and Gerandel report twm cases, in the first, ulnar neuritis appeared 
tw'o days after the crisis and lasted tw'o wrecks wuth ultimate lecovery, 
the second patient was seveiely toxic C Doering has reported a case of 
neuritis, four days alter the crisis a secondary rise of temperature occurred 
wnth defervescence by lysis, during the latter period the left vocal cord, the 
facial nerve, and the left side of the palate became paralyzed Boulloche 
has reported 3 cases of paralysis of the palate, in 1 of them there w'as also 
a neuritis, both sensory and motor, of all four extremities Recovery in 
these cases is the rule He has collected 56 cases of paralysis occumng in 
pneumonia, most of which w'ere of the hemiplegic type In childhood most 
of them ended by recovery, m advanced life by death Krafft-Ebbmg 
reported a case of bilateral neuritis of the upper extremities coming on 
suddenly with loss of power, anaesthesia to the ;elbows, and hyperassthesia of 
the fingers Pirrone has demonstrated by experimental researches that the 
pneumococcus can produce an ascending neuritis, but that the nerves are 
not an easy route for the propagation of the inflammatory process tow’ard 
the centres The lesions grow^ less and less pronounced as they recede from 
the periphery 

Henuplegia — ^Hemiplegia in pneumonia may be embolic or toxic Becker 
found 1 example of the former among 505 pneumonias in German recruits 
Transient hemiplegia and aphasia during convalescence have been reported 
by Antoniu Transient aphasia has also been recorded by Chantemesse 
and by Isager The patient of the latter w’as a boy aged nine years, the 
aphasia lasted for two w eeks It is of course possible that these evanescent 
lesions have uriemia as a cause In a case of hemiplegia wuth aphasia 
reported by Vogehus the condition w'as brought about by necrosis of cerebral 
tissue In 5 cases of tardy paralysis following pneumonia, meningo- 
myehtis wxos found in 2, w'hile the others presented no such lesion Gencial 
paralysis has been reported as a sequel of pneumonia, by Gubler and by 
Macano Tetanoid and choreiform manifestations oceurring in man and 
Avife, both the subjects of pueumonia, have been described by Keljmack, and 
tetany two weeks after pueumonia in a rachitic girl by Page 

Ocular Complications — Ocular complications aie occasionally seen 
Two cases of conjunctivitis occurred m 141 cases Becker in 505 pneumonias 
found 1 case of conjunctivitis and keratitis Pneumococcus conjunctivitis 
IS well know n to ophthalmologists Mandl has reported a case of keratitis 
wuth perforation of the eornea on the fourteenth day, the cultures show'ed 
pneumococci Transient mydriasis, photophobia, and amblvopia have been 
described by Thomas, and distention of the retinal veins by Sichel, and 
Seidel 

Acute Otitis Media — ^Acute otitis media occurs chiefly in childhood and 
may appear at any stage of the disease The twm eonditions may be simple 
coineidences, infection of the ear may come through the Eustachian tube or 
the blood, the pneumonia may be secondary to disease of the ear, or the 
otitis may cause general sepsis and a septic pneumonia follows Accoidmg 
to Lermoyer and Helme hsematogenous infection gives rise to more virulent 
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inflammations, which is corroborated by the fact that in cases of general 
pneumocoecus infection, extensive suppuration is apt to occur Wells states 
that “One or both ears may be affected, rupture of the tympanic membrane 
IS the rule, seveie mastoiditis may occur, extension to the cerebial mem- 
bianes or sinuses is rare In these cases the mental dulness increases, 
pseudomeningeal symptoms may appear, rigidity of the neck is often, if 
not usually, piesent, tenderness is manifested when pressuie is made on the 
lobe of the ear, recovery without impairment of hearing is the lule ” Right- 
sided pneumonia is said to be more frequently complicated by otitis media 
Among collected cases Of 4,885 patients, 62 (1 3 per cent ) had suppura- 
tion of the middle ear, of 1,065 patients, 1 had suppuiation of the external 
ear, of 949 patients, 2 (0 2 per cent) had mastoiditis, of 500 patients, 
2 (0 4 per cent ) had pain in the ear at onset, and of 1,305 patients, in 8 
(0 6 per cent ) more or less deafness follow^ed Among 54 autopsies otitis 
media was found in 4 (7 4 per cent ) Exclusive of these cases. Hall found 
otitis media once m 70, and Futcher once in 48 pneumonias Metastatie 
pneumonia following otitis media has been reported by Hrach Otitis 
media A\ould be found more commonly if the middle eai Avere routinely 
examined at autopsy Netter found otitis in one-fourth of all his cases 
Whenever symptoms suggestive of meningitis occur m pneumonia, an 
examination of the ears should be made, such sjmiptoms have been knoAvn 
to disappear rapidly after puncture and drainage of the tympanic cavity 
Mastoiditis requiring operative intervention has been reported by ScliAvartze 
Acute Parotitis — ^Acute parotitis is a rare complication In the litera- 
ture references Avere found to 20 cases of parotitis complicating pneumo- 
nia Among 2,655 collected cases it occuried m 10 (0 37 per cent ) The 
]unior author found 1 case of suppurative parotitis m 127 autopsies It 
generally occurs late m the couise or as a sequel, as m the instance reported 
by Fiscliel, Avhich came on AAith fever tAventy days after the crisis, and 
fourteen days later ruptuied into the mouth Pneumococci Aveie cultivated 
from the pus, Avhile the duct of the opposite gland aa as sterile Claisse and 
Duplay have shoAAn experimentally that a healthy parotid duct cannot be 
infected by smearing the opening or introducing microorganisms into the 
lumen An ascending infection can be produced if the oigamsms are 
excessively virulent or numerous, if the general vitality of the animal is 
reduced, or if the normal secretion of the gland is altered oi diminished 
The s}Tnptoms consist of tenderness, SAvelhng, painful secretion of saliA'a, 
a dry mouth, an increase of fever, and often a chill The inflammation 
reaches its height m foui or five days, and may abate or suppurate The pus 
may dram into the mouth oi rupture into it As a sequel sepsis, fistula, 
destruction of the maxillary joint, necrosis of the bone, ulceration of the 
jugular vein AAith resultant hemorrhage or thrombosis, paralysis of the facial 
nerve, or a burrownng of pus into the middle ear or mediastinum may occur 
Acute Arthritis — Acute arthritis as a complication of pneumonia has 
long been recognized, but AAas classed by the older Ainters as “rheumatism ” 
It is noA\ uniA'ersally considered a true pneumococcic complication Grisolle 
A\ as the first to point out the similarity of this condition to the arthritis in 
pAiemia and to suggest the same etiological factor as causative both of the 
pulmonary and the joint involvement Arthritis may appear at any stage, 
inA'olA'e one or more joints, and attack conjomtlv or individually the synovial 
membrane, bursie or joints Cave has collected 30 cases of which 23 died 
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Two vaiieties are to be distinguished, the serous and the purulent Fever, 
pain, local swelling and redness aie much more marked m the latter variety, 
in fact in the former these may be very slight indeed The onset of the joint 
invasion is occasionally heralded by chills and elevation of temperature 
Among 22 cases collected by Brunner, 11 were monarticulai, the shoulder 
being most often attacked Recovery may take place, even m the suppurative 
form, without much local injury Tournier and Couimont, hov ever, believe 
that actual destiuction of bony tissue occurs more frequently than is generally 
appreciated h'liller has reported a case, at first sero-purulent, later purulent, 
vhich recovered completely without operation under local applications and 
subsequent massage Cave believes that all purulent cases should be treated 
by incision, flushing and diamage This form has a very heavy mortality, 
not from the local condition alone, but because it often bespeaks a severe 
infection Si\ of Brunner’s patients had acute endocarditis Infection is 
usually by the blood stream m simple cases as well as in those in which mi\ed 
infection exists It may, however, be carried by the lymphatics, as m the 
29 cases of multiple suppurative, pneumonic metastases studied by Bloch 
Primary pneumococcus arthritis of the knee joint has been reported 
Among 28,040 collected clinical cases, acute arthritis occuried in 150 
(0 5 per cent ), and m 4 of 698 autopsies (0 57 per cent ) Septic arthritis 
occurred twice in 673 cases Among 737 cases of pneumonia reported by 
Morhait, Moosberger and Fricke, there is no refeience to this condition 
In many of the reported cases theie ivas no bacteiiological examination In 
1903, Howard added a number to those previously collected, and found the 
total number reported up to that date to be 72 
Herrick,^ wdio has made an elaboiate study of this condition, states that 
pneumococcic arthritis is a rare affection, found oftener m men and sparing 
no age It appears oftenest during oi shortly after lobai pneumonia, but 
has come on three iveeks after the crisis It may be primary in the joint, and 
severe, even fatal, constitutional symptoms may result fioni the toxiemia thus 
induced In these primary cases involvement of the lungs may or may not 
occur Previous damage to the joint by tiauma, rheumatism oi gout favors 
infection The lesions may be limited to the synovia, or may invmlve the 
cartilages and bones as well The peiiarticular structures may be involved 
The subacute cases are sometimes highly destiuctive to the joint and the 
same is true of some of the acuter ones The lesions are monaiticular in 
over 60 per cent , the larger joints being most often involved The joints of 
the upper extremity are but slightly more often affected than those of the 
low'er The condition presents the usual symptoms and signs of an arthritis 
and can only be positively diagnosed by aspiration and bacteriological 
examination Gonoirhoeal infections as well as postpneumonic arthralgias 
have to be carefully excluded The mortality is 65 per cent , largely as the 
result of the bacteriiemia, and the involvement of more vital organs and 
tissues, yet spontaneous recovery may occur even if there has been sup- 
puration Treatment should consist of immediate incision and drainage, 
the serous variety may be healed by aspiration, rest and compression ' In 
47 cases, 18 per cent w'ere below thirty and 70 per cent between thirty and 
sixty years of age As to arthiitis with pneumonia m childhood, Bichat and 
Goepfert report 4 cases In 2 the joint contained pneumococci, in 2 strep- 


^ American Journal of the Medical Sciences, July, 1902 
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tococci and staphylococci The foimer occurred in lobar, the latter in 
lobular, pneumonia Ta\o died, one recovered, m the thud there was no 
note as to the termination Perutz reports pneumonia in a child aged 
eleven months, m whom during a relapse, osteomyelitis of the left humerus 
developed, pneumococci were found in the pus Among 55 cases of pneu- 
mococcus arthritis in adults Herzog found that pneumonia preceded in all 
but 4 In infants this occurred m 5 out of 8 cases, and in children m 2 out 
of 14 

As further complications of pneumonia the following conditions may be 
mentioned Thyroiditis ending in suppuration has been reported by 
Honsell, and by Lion and Bensaude This seems to occur as a sequel and 
to terminate favorably after incision and drainage Exophthalmic goitic 
occurred 4 times in 2,440 collected cases Suppw ative oichitis with a lethal 
termination, after a pneumonic relapse, has been recorded by Prioleau 
Bed-sores occurred in 3 among 1,552 collected cases Preble noted 2 in- 
stances of abscess of the soft parts, m both pneumococci were found in the 
pus 

Pneumonia in Pregnancy — Frequency — ^Among 13,611 collected 
cases of pregnancy, there were 120 instances of pneumonia (0 8 per cent ) 
Jurgensen, in Vienna from 1858-70, among 1,842 cases of pregnancy found 
2 3 per cent had pneumonia Grisolle saw 4 cases in ten years Ransdell 
in the literature for the last twenty years could collect only 352 cases of 
coincident pregnancy and pneumonia He believes that the rarity of the 
condition is to be explained by the lessened exposure of pregnant women to 
infection Another reason lies in the fact that pneumonia is more common 
in males, especially m hospitals, from which most often statistics are gathered, 
and that the number of pregnant women in general hospitals is small Rans- 
dell found that of 190 patients m whom abortion occurred 70 died (36 7 per 
cent), whereas of 118 who did not abort, only 12 died (10 7 per cent) 
Abortion occurred m 58 8 per cent of 352 cases Of 144 patients with 
pneumonia in the first six months of pregnancy, 22 08 per cent died, of those 
who aborted, 52 08 per cent died Of 164 cases m the last three months of 
pregnancy, 30 49 per cent were fatal and 70 12 per cent of those who 
aborted showed that the mortality as well as the frequency is higher during 
the latter part of gestation Of 82 patients who died, 72 had aborted 

The relation of abortion to the day of pneumonia was 

Day of disease 1 2 3 4 5 6789 10 11+ 

Number of abortions 7 18 27 12 16 10 8 3 5 2 13 

Of 52 patients who aborted before the third day, 21 died (40 38 per cent ) 
and of 69 who aborted after the third day, 19 died (27 53 per cent ) These 
figures indicate that if abortion does not occur m the first few days, the 
prognosis is better It will also be noted that the third day is the most com- 
mon one upon which abortion occurs The mortality according to age was 
as follows below twenty-five years, 13 33 per cent, from inenty-five to 
thirty-five years, 23 2 per cent , and over thirty-five years, 22 per cent 
Among 89 multipariB, 8 died (20 11 per cent ), and of 13 primiparie, 4 died 
(30 77 per cent ) As to the infantile mortality, of 142 infants m whom the 
age of viability had been reached, 58 died (40 84 per cent ) Cases of 
transplacental infection from mother to offspring have been reported by 
Thomer, Birch-Hirschfeld, Strachan, Marchant, Netter, Levy and others 
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The mortality from pneumonia is increased by pregnancy More than 
half of the patients abort and A\hen this occurs the death-rate is much higher 
It is also higher during the later months of pregnancy When death ensues, 
it IS usually induced by a diminution m the quantity of hiemoglobm, degener- 
ation of the heart muscle, and overloading of the right heart after delivery 

Aufiecht has shown experimentally that in rabbits moculatated with pure 
cultures of pneumococcus, abortion occurred as the result of endometiitis 
and was often follov ed by peritonitis It is reasonable to assume that an 
analogous process occurs m the human being, and that the high mortality 
after abortion results from a pneumococcic endometritis, having its origin 
in the organisms circulating m the mother’s blood 

Mcnstruahon m pneumonia has been reported by Griesmger In one, 
normal mensti nation appeared on the third day of the disease and continued 
uneventfully In another it appeared on the fourth day of the disease, ten 
days earlier than it was due Beginning with the onset of the flow there was 
an e^enmg remission of the temperatuie, instead of an exacerbation, winch 
protwd to be the beginning of a slow defei vescence by lysis 

Occuixence "witli Other Infectious Diseases — Pneumonia may occur 
as a complication of any of the infectious fevers In measles lobulai is much 
more common than lobar pneumonia Very often it may be impossible to 
definitely determine with which of the two forms ve have to deal It is 
probable that the acute infection of the respiratory tract which occurs m 
measles opens a pathway for the entrance of the pneumococcus Collected 
statistics shoved o cases of measles m 2,469 pneumonias (0 20 per cent ), 
but such figures possess only small value for obvious reasons Incipient 
pneumonia may be very closely simulated by atelectasis “If loud bronchial 
breathing is heard over a dull area, a diagnosis of pneumonia is established, 
if this sign is absent, pneumonia may exist or the case may be one of atelecta- 
sis only” (T V Jurgensen) If dulness clears up more or less on deep 
inspiration, atelectasis is the prominent lesion What has been said regard- 
ing measles applies with equal truth to seal let fever, in which pneumonia 
is a very serious complication, especially when it appears duimg the course 
of a scarlatinal nephritis Under these circumstances it not rarely causes 
oedema of the lungs, pulmonary abscess or empyema Among 550 cases of 
scarlet fever, Beatty found 5 cases of pneumonia Croupous pneumonia in 
the course of an attack of diphihena is less common than in either of the 
above-mentioned diseases 

The coincidence of croupous pneumonia and influenza is of consideiable 
importance Epidemics of the two diseases often occur simultaneously and 
when this happens the pneumonia is apt to run an atypical course, and be 
attended by a high mortality Lobar pneumonia in influenza is nearly 
always produced by the pneumococcus, the Pfeiffer bacillus practically 
always causes the lobular variety As to frequency, Birch-Hirschfeld in 108 
cases of influenza found 11 cases of lobar pneumonia, Marchand m 5 cases 
of influenza pneumonia, found 3 of the lobar variety, Finkler observed 
typical influenza pneumonias among 45 cases of pneumonia in general 
ICrannhals among 1,687 cases of influenza, found 3 15 per cent of typical 
lobar, 1 3 per cent doubtful, and 2 2 per cent of lobular pneumonia He 
found the frequency of pneumonia increased five or six fold during the 
influenza epidemic The disease chiefly affected individuals from tventy 
to fifty years of age and was most common m November and December 
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The tendency to suppurative complications, both in and out of the lung, 
seemed to be increased Not infrequently lobai pneumonia was found at 
autopsy m one lung, wdiile the lobular variety occurred m the other 
"When lobar pneumonia complicates influenza, chill at the time of onset 
IS weneially absent but repeated chilly sensations may occur The skin is 
moie apt to be moist and severe sw'eats may occur even dm mg the fastigiura 
Termination by lysis is very frequent, and defervescence is followed by 
greater prostration Rusty sputum is often absent and the character of the 
temperature iiregular Postmortem, contiguous areas of the diseased lung 
may be in quite different stages of hepatization Finklei lays especial stiess 
upon the fact that frequently the only physical sign pointing to pneumonia 
is the piesence of percussion dulness over limited aieas, no ciepitant lales 
being audible at the beginning, although later on ciepitus iedu\ appears 
Ceitainly influenza patients are very prone to develop pneumonia, a danger 
against wdnch they should be w^arned 

Lobar pneumonia as a complication of nnalana is piactically always of 
pneiimococcic origin True pneumonia due to the plasmodium of malaria 
IS unknowm, although the parasites may be demonstrable m the pneumonic 
consolidation This complication is attended w’lth a high mortality, Ascoh 
places the figures at fioni 60 to 78 pei cent Such pneumonias are often 
latent and overlooked, they may be very closely simulated by pulmonary 
congestion which is seen m some cases of pernicious malana The last- 
named condition may be manifested b} dulness, rales, cough, dyspnoea, 
bloody expectoration and even bronchial breathing It generally occurs in 
the most dependent portions of the lungs If true pneumonia is present the 
fevei IS apt to be continuous, if only congestion exists the tempeiature is of 
the intermittent variety characteristic of the malarial infection Clinically, 
pneumonia complicating malaria assumes the asthenic tjqie with prostration 
and marked nervous symptoms Pneumonia is extremely frequent and 
fatal m individuals suffering from chronic malarial cachexia Complications 
are frequent, especially delayed resolution, wuth subsequent fibroid indura- 
tion, and also pneumococcus septic.cmia 

In typhus jevei lobar pneumonia is a veiy fatal complication, which is 
often unexpectedly discovered at autopsy 

Typhoid fevei and pneumonia may occui comcidently oi in rare instances 
the pulmonary consolidation may be due to the typhoid bacillus Among 
3,514 collected cases of pneumonia there w^ere 56 cases of typhoid fever, 
24 of A\ hich died (42 S per cent ) In 522 autopsies m pneumonia, the lesions 
of tvphoid fever were found m 17 and in 891 autopsies in typhoid fever, 
pneumonia was found in 42 (18 per cent) In 98 autopsies on cases of 
t} phoid fever, at the Pennsylvania Hospital, Philadelphia, G C Robinson 
found bronehopneumoma m 29, and lobar pneumonia in 13 cases In 12 of 
the latter, cultures fiom the consolidated areas show^ed pneumococci m 4, 
and stained preparations m 3 other cases, the B typhosus m 1 , the rest w'eie 
pyogenic infections 

Lobar pneumonia occurring as a complication of tjqihoid fever, is generally 
due to the pneumococcus, occasionally to the Friedlander organism or the 
t-^qilioid bacillus It appears most often during the latter part of the febrile 
period, rarely during convalescence or prolonged relapses The onset is 
often insidious, a chill at the beginning being often absent The course of 
the fever is not characteristic The typhoid temperature may be somewhat 
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increased and when the tw'o diseases terminate at about the same time, a 
rapid almost critieal defervescence may be noted The attention of the 
plijsieian is usually called to the complication by increased pulse and 
respiiatory late or cyanosis Pain, cough and expectoration are often absent, 
the latter ivhen present is apt to be hemorrhagic The course of an attack 
of pneumonia m tjp)hoid fever is generally protraeted, resolution is delayed, 
and consolidation often imperfect Pneumonia as a compheation of typhoid 
fever is probably more common than is generally supposed The mortality 
of pneumonia is about doubled by the co-existence of typhoid fever Accord- 
ing to E Kraus the presence of pneumonia in typhoid tever may prevent the 
occurrence of the Widal reaetion, and may cause the same to disappear after 
it has once been present Tj^hoid fever inhibits the development of leuko- 
c3i;osis in pneumonia 

Bressel has reported lobar pneumonia follow ing gonorrhoea, wnth colorless 
expectoration, Ij'sis after the eighth day, the fever having previously been 
high Resolution w as complete bj" the eighteenth day The sputum show ed 
intracellular diplococci. Gram negative, and blood eultures the gonococcus 

THE DIAGNOSIS OF LOBAR PNEUMONIA 

In typical cases probably no disease is more easy to diagnose than lobar 
pneumonia and such cases need not concern us here Atypical cases may 
be confounded with acute tuberculous pneumonia, bronchopneumonia, 
especially in children, pulmonarj' congestion, pulmonary mfaret, atelectasis, 
and most important of all, pleural effusions In cases of central pneumonia 
the diagnosis may be in doubt for se\eral days 

Aside from the physical signs, the symptoms and a study of the tem- 
perature chart are factors w Inch often aid When laboratory facilities are 
available, blood cultures are the most positive means of diagnosis The 
absence of leukocytosis speaks strongly against pneumonia except m very 
mild or very toxic cases A history of chill at onset, especially if follow ed by 
chest pain, pjTexia, rusty sputum, or herpes, often settles the diagnosis 
The mode of onset, the course of the fever, the pain in the chest, the cough, 
the peculiar expectoration, the dyspncea, the abnormal pulse-respiration 
ratio, the peculiar character of the breathing — all of these have to be borne 
in mind in making a diagnosis m cases of obscure character It must also be 
remembered that pneumonia is a disease of protean manifestations and that 
it often presents abnormalities of type, this is especially the case at the 
extremes of life, in drunkards, and in chrome disease ’IWienever w'e have to 
deal with fever of uncertain origin, the lungs must be repeatedly and caie- 
fully examined It is only by exercising unceasing vigilance that w'e can 
avoid having unsuspected pneumonias brought to our attention by the 
consultant or at autopsy We should be particularly on our guard wdien we 
ha\e to deal with a case of influenza, not only because this disease is fre- 
quently complicated by pneumonia, but also because w^hen these twm eon- 
ditions go hand in hand the clinical picture of pneumonia is apt to be very 
ati^pieal When the possibility of pleural effusion arises it may be promptly 
settled by an exploratory puncture, although we must bear in mind that there 
may also be an underlying pneumonia Subdiaphragmatic abseess may be 
excluded by the fluorescope The positive determination of a tuberculous 
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process is often impossible until dimng convalescence, when delayed reso- 
lution, tuberele bacilli, night sweats, or evidences of cavity formation may 
clear up the condition It must be borne in mind that acute exacerbations of 
tuberculous processes which are too often considered as influenza with 
bronchopneumonia, may resolve to quite a remarkable extent In such 
cases the true state of affairs may be learned by the use of tuberculin after the 
fever has subsided CaAuty formation does of course not necessarily indicate 
tuberculosis, it may result from gangrene In this connection the previous 
history of the patient is of great importance 

• When the patient is not seen at the beginning, it is often extremely difficult 
to distinguish between pneumonia and '^eural effusion In the former disease 
the temperature is generally higher, leukocjdosis more marked, and the 
sputum rusty, but it is not in the typical cases that doubt arises Theoreti- 
cally the physical signs of the two diseases should be quite different, but 
practically one finds cases of pleural effusion in which vocal fremitus, vocal 
resonance and even bronchial breathing are present, or the breath sounds are 
only slightly modified On the other hand in some cases of pneumonia we 
find only partial suppression of the vesicular murmur or feeble distant 
tubular breathing, increased fremitus and resonance are by no means always 
present In both conditions we may have Skodaic resonance over the upper 
lobe, accompanied by exaggerated, harsh breath sounds It may easily be 
seen that a differential diagnosis cannot be made upon any one symptom or 
sign, but upon a consideration of the whole picture In doubtful cases the 
presence of pneumococci in the central parts of washed sputum often settles 
the diagnosis hlovable dulness does not exclude an undeilying pneumonia, 
nor does the demonstration of liquid in the pleural cavity by means of ex- 
ploratory puncture, although both of these conditions may throw much light 
upon the question Bronchial breathing may occur m pleural effusion as the 
result of pulmonary compression by the exudate, but in such cases it is usually 
best heard, sometimes only heard, over the middle or upper parts of the lung, 
and not at the base In cases in which dulness appears suddenly and remains 
limited to the lower lobe the process is generally a pneumonic one In 
making an exploratory puncture one should use a needle sufficiently long 
and of not too small a calibre, introducing it in the area of greatest dulness 
Any signs of displacement of organs such as the heart, the liver or the spleen, 
speak in favor of pleural effusion, but unfortunately such conditions may be 
absent It should also be borne in mind that the heart may be displaced by 
consolidation of the lungs 

In pneumonia the affected side moves less than the sound side, but not to 
the same degree as m effusion In percussing over an effusion, there is a 
greater degree of dulness and the sense of resistance is much more marked 
In pneumonia the area of dulness corresponds to the lobes of the lung, in 
pleural effusion the upper level of dulness follov s an S-shaped curve, v ith the 
highest point in the axilla In pleural effusion it is generally possible to 
demonstrate Grocco’s sign — a triangular area of dulness over the opposite 
lung posteriorly, the apex being situated at the spinal column, at a height 
varjang v ith the amount of the exudate, and the base at the lower limits 
of the pleural cavity 

Iniei lobar empycvia may give signs and symptoms practically identical 
vith those of pulmonary consolidation, being most often confused with 
delaj ed resolution or tuberculous infiltration The reappearance of fever, 
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malaise, weakness, leukocytosis and pain after the disappearance of these 
follo'\\ mg the crisis, should make us search very carefully for this condition 
In these cases the exploratory needle and the a-rays are most useful If no 
evidence of pus is found by the needle in the area of greatest dulness, we may 
at times demonstrate its presence by followiilg up the neighboring regions 
which correspond to the septa of the individual lobes of the lung 

The differential diagnosis between incipient lobar pneumonia and acute 
abdominal inflammations, especially appendicitis, has been considered 
In the early stages it may be difficult to differentiate typhoid fever and 
meningitis from atypical forms of pneumonia 

Secondary pneumonias occurring in the course of other diseases are often 
overlooked Even vhen suspected and sought for, the physical signs are 
not rarely of equivocal import, it being impossible to determine positively 
whethei we are dealing vith an hypostatic congestion, oedema, infarct, 
a central pneumonia or a bronchopneumonia In all doubtful cases a dis- 
turbance of the normal respiration-pulse ratio — 1 to 4 in adults — is very 
suggestive In such cases every part of the chest should be very carefully 
examined, particular attention being given to the auscultatory phenomena 
high up in the axilla, above and below the clavicles, and under the scapulie 
No matter how carefully we make our examinations, we must expect from 
time to time to make a diagnosis of pneumonia without any positive physical 
signs In children it occasionally happens that these do not become manifest 
until after the crisis 

« 

THE PROGNOSIS OP LOBAR PNEUMONIA 

Wells has collected from the literature, 465,400 cases of pneumonia with 
94,826 deaths, a mortality of 20 4 per cent Among the older writers we 
find frequent statements to the effect that the mortality from pneumonia is 
small Thus Trousseau says, “Geneially speaking there is a tendency to 
spontaneous recovery ” Flint states, “Recovery is not only the rule, but the 
exceptions are exceedingly infrequent ” Bennett even goes so far as to say 
that in uncomplicated cases, properly treated the mortality should be 
practically nil Geihardt believed that m private practice the mortality 
should range between 2 or 3 pei cent There are to be found, howevei, 
numerous statements to the effect that pneumonia should be regarded as a 
very fatal disease (Loomis, Sturges, Drake, Watson, Copland, etc ) At 
present nearly everyone concurs m the belief that pneumonia is one of the 
most fatal acute diseases Strumpell stands alone in his opinion that “pneu- 
monia belongs to the benignant infectious diseases” (Wells) 

It matters little whither we turn for our statistics, ive are apt to find a 
mortality ranging from 20 to 25 per cent , taking any large series of cases as 
they come Articles are constantly appearing, written by the enthusiastic 
advocates of certain lines of treatment, proclaiming a greatly diminished 
death-rate, supposedly the result of therapeutic success, but the mortality 
flom pneumonia holds its own, unabated, m much the same proportion as 
that which our predecessors saw Thus among 43,455 cases collected by the 
wnters, 21 06 per cent died 

According to the United States census for 1 900 the death-rate from pneu- 
monia per 100,000 of the population was highest m the registration cities of 
YOI- 2 — 40 
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the registration states (233 1), lowest m the rural districts (135 9) It was 
much higher among the colored (349), than among the whites (184 8), 
higher for foreign whites (209 8) than native whites (176 9), also higher for 
native whites having one or both parents foreign (212 2) than those having 
native parents (155) There has been a slight increase of the death-rate m 
the cities since the census of 1890, and a decrease m the ruial districts 
“The death-rate from pneumonia was excessively high among those wdiose 
mothers w'ere born in Italy (479 8), particulaily in the cities (561 4) Among 
those -whose mothers were born m other countries the rates w'ere highest 
among those Avhose motheis w^ere born m Ireland (257 5), m Hungary and 
Bohemia (206 6) The late ivas low'er for the children of mothers born in 
the United States (142 8) than m any other class except those whose mothers 
were born in Canada (136 2) ” 

“The death-rates from pneumonia were highest among those under 
fifteen years of age (277 1), and at sixty-five years of age and over (805 4) 
At each age under sixty-five years the mortality fiom this disease was higher 
in males than in females, but at the age of sixty-five years and over the 
female mortality exceeded that of the males ” In comparison wutli the 
figures of 1890, those of the 1900 census show a decreased mortality for those 
under sixty-five years of age, and an increase for those above this age 
As regards the mortality accoidmg to sex, the statistics collected by the 
Walters of 33,351 cases in males showed 6,449 deaths (19 3 per cent ) and 
among 12,927 cases m females, 3,431 deaths (26 9 per cent ) The total of 
46,278 cases gave 21 1 per cent mortality 

Age — ^The high mortality from pneumonia, especially m the aged and A 
those afflicted with chronic disease, is largely due to complications This is 
well exemplified in Ashton and Landis’ series of 991 cases from the Phila- 
delphia General Hospital, in wdiich the general mortality was 53 per cent 
If the disease could be shorn of its complications, the death-rate w'ould be 
reduced more than one-half The vast majority of the senile cases end in 
death, owing to the fact that the heart is no longer able to cope w'lth the pul- 
monary obstruction, the kidneys and skin to eliminate the toxin, or the 
central nervous system to endure against the toxremia 

GompllcatlonSf — ^The mortality in relation to complications m collected 
cases is as follows 


Complications 

Cases 

Mortality 

Pleural effusion 

700 

20 29 

Empyema 

74 

39 19 

Acute endocarditis 

36 

72 22 

Chronic endocarditis 

114 

32 46 

Acute pericarditis 

125 

64 00 

Acute meningitis 

33 

93 93 

Jaundice 

344 

15 7 

Cirrhosis of liver 

5 

100 00 

Peritonitis 

7 

100 00 

Acute nephritis 

116 

65 52 

Chronic nephritis 

182 

68 29 

Acute arthritis 

52 

61 0 

Emphysema 

48 

47 9 

Pulmonarj’’ tuberculosis 

215 

57 9 

Pregnancy 

466 

30 0 

Hemiplegia 

105 

21 8 


Repeaied attach s of pneumonia seem to decrease the virulence Baeck, 
Moihart, Poh^mann and Stoertz all found a low'er mortality among those 
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individuals who had had previous attacks Rychner’s general mortality in 
616 cases was 25 7 per cent , whereas among those who had already suffered 
from the disease it was 22 7 per cent , and among those who had had more 
than one attack it was 18 per cent 

Site — ^The influence of the site and extent of the lesions, is shown m the 
following tabulations based upon 4,062 cases, reported by Townsend and 
Coohdge, Sears and Larrabee, Aufrecht, Meyers, and Norris, as collected 


by Preble 



Cases 

Deaths 

Per Cent 

Right upper 

448 

90 

20 0 

Right middle 

95 

14 

14 7 

Right low er 

1,129 

336 

195 

17 2 

Right lung 

141 

42 0 

Left upper 

185 

34 

18 9 

Left low'er 

1,002 

145 

14 4 

Left lung 

309 

84 

27 1 

Bilobar 

251 

91 

36 2 

Bilateral 

307 

no 

35 5 

mortality according to the, involvement (Sears and Larrabee) was 

Cases Per Cent 

One lobe 

590 


31 

Two lobes 

233 


38 2 

Three lobes 

99 


59 

Four lobes 

S 


62 5 

Five lobes 

1 


100 

Double pneumonia 

134 


42 5 


The mo? tality according to the site of involvement m the series collected by the 
writers was of 1,849 right-sided, 365 or 19 2 per cent died, of 1,129 left- 
sided, 189 or 16 7 per cent died, and of 601 bilateral, 218 or 36 3 per cent 
died 

Temperature — ^The effect of different degi ees of tempei atm e and the pulse 
and lespiration late upon the mortality is exemplified by Preble as follows 
It will be noted that extremes of temperature are to be feared, lov oi sub- 
normal temperature often indicates lack of reactive power on the part of the 
patient, whereas hyperpyrexia often goes hand m hand with a toxaemia 
which IS overwhelming 


Temperature and Mortality 



Cases 

Deaths 

Percentage 

Under 100° 

17 

6 

35 2 

102° 

220 

52 

23 1 

103° 

302 

83 

27 4 

104° 

408 

109 

26 7 

105° 

386 

99 

26 

106° 

148 

45 

30 5 

Over 106° 

34 

23 

68 


Pulse and 

Mortality 



Cases 

Deaths 

Percentage 

Under 100° 

57 

2 

3 5 

110° 

123 

7 

5 7 

120° 

142 

18 

12 6 

130° 

288 

62 

21 5 

140° 

143 

68 

47 

150° 

125 

74 

59 

Above 150° 

83 

64 

77 
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Respiration and 

Mortality 



Cases 

Deaths 

Percentage 

Under 30 

77 

6 

7 7 

40 

257 

36 

44 

50 

384 

116 

30,2 

60 

123 

62 

50 4 

70 

98 

61 

62 2 

Above 70 

23 

14 

65 6 


To a certain extent the pulse rate may act as a prognostic indication Cha- 
tard in the Johns Hopkins Hospital found in cases ith a pulse rate below 
125, a moitahty of 14 9 per cent , a condition which occurred in one-half of 
the cases With a pulse rate above 125 the mortality Avas 49 4 per cent 
Race — ^W Kolle, who studied an epidemic of pneumonia among the 
negroes at Kimberly, South Africa, found in over 1,000 cases a mortality of 
60 to 70 per cent According to the United States census report of 1900, the 
moitahty from pneumonia among the negroes is 349 per 100,000 population 
while that of the whites is only 184 8 The high mortality in the negro is 
probably due to the same causes ivhich ha\e been considered under suscepti- 
bility In addition ive have the fact that in this country, at least, many of 
those classed as negroes are mulattoes, a stock which lacks resistance, and 
falls an easy prey to disease 

Alcoholism — ^The role of alcohol as a predisposing cause has already 
been noted It has long been knoivn that habitual drunkards have a very 
slim chance of recovery when attacked by pneumonia and it is noted also 
that the mortality among moderate drinkers is higher than among total 
abstainers This fact has long been known to life insurance companies, as > 
holding good for many diseases other than pneumonia Delirium tremens 
complicating pneumonia is very frequently fatal The statistics of a number 
of observers are collected in the folloiving table 

Mohtalita 



Total 

Moderate 



Abstainers 

Drinkers 

Intempera tes 


Per Cent 

Per Cent 

Per Cent 

Collective Investigation Report 10 4 

17 4 

42 8 

H H Smith 

20 0 

32 0 

70 0 

Sears and Larrabee 

25 0 

26 7 

45 5 

Huss 



25 0 

Hadden, Mackenzie and Ord 



37 0 

Townsend and Colhdge 

Combined 15 0 

41 0 

Norris 

Combined 25 0 

96 0 

Aufrecht 

Combined 24 

45 3 


Altitude — Hoagland collected statistics of 6,116 cases in eities approxi- 
mately at the sea level and found a general mortality of 26 8 pei cent In 
709 cases oecurring in cities at an average altitude of 6,580 feet the mortality 
nas 22 1 per cent He believes that there is no doubt that a line of demar- 
cation exists as ve ascend in altitude at whieh pneumonia is moie fatal than 
at sea level, but statistics must be obtained from other countries and at an 
altitude gi eater than 7,000 feet m order that we may reach any definite con- 
clusions 

Roberts from observations upon his own cases at altitudes of 200 to 300 
and 3,000 to 4,000 feet, had a slightly lower mortality in the latter He found 



THE PROGNOSIS OF LOBAR PNEUMONIA 


629 


that heart complications were more frequent in the mountains, gastric and 
bowel tioubles m the lowlands Goodman m a study of 101 cases treated at 
the American Hospital at Mexico City found a mortality of 39 8 per cent 
The disease was moie fiequent before the lainy season, and decreased 
during the lains and directly afterward Connell agrees with Hoagland m a 
study of 261 cases at Leadville, Colorado, with a mortality 26 4 per cent , 
and holds that it has been practically disproved that high altitudes increase 
the death-iate of pneumonia Kieffer states that among 127 cases at Fort 
D A Russell, Wyoming, at an altitude of 6,195 feet, during the last thirty- 
eight yeais, there were 20 deaths (15 74 per cent ) From 1868 to 1903 there 
was a moitahty of 14 63 per cent at Fort Russell, whereas in the whole 
U S Army during the same period there was a mortality of 15 61 per cent 
Brewer, who has made a study of the subjeet based upon various United 
States Army statistics, arrives at practically the same conclusions 
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THE PROPHYLAXIS AND TREATMENT OF LOBAR 
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THE PROPHYLAXIS OF LOBAR PNEUMONIA 

The infectious agent is transmitted from the diseased to the healthy indi- 
vidual chiefly through the sputum but as the pneumococcus is found in the 
nasal and oral cavities of apparently healthy people, a dissemination from 
this source is also possible Whether the organisms hitherto so considered* 
shall prove to be identical, whether different strains of the same oiganism 
may develop essentially different characteristics, and, if so, through ]ust 
Avhat chemical or biological conditions their virulence may be diminished or 
enhanced, are momentous questions which the bacteriologist must decide 
The evidence points to the fact that the problem is an extremely complex one, 
and that a large number of factors may affect the virulence of the organism 
and influence the resistance of the individual It would seem that certain 
people are predisposed to the disease, but in what this diminished resistance 
consists we are unable to say 

It IS unlikely that the inci eased prevalence of pneumonia is due to any 
general deterioration of resistive poner, although it is believed that the 
growing frequency of cardiovascular degenerations plays an important lole 
This would not, however, explain the increase of pneumonia in children 
and young adults Until these questions are more definitely settled from a 
bacteriological standpoint it would be useless to adopt the extreme measures 
of placarding houses and instituting a state of quarantine, advocated by some 
enthusiasts On the other hand, all reasonable care should be exercised in 
the disinfection of sputum 

F C Woods, who has made a careful study of the viability of the pneumo- 
coccus has arrived at the following conclusions 

A The life of the pneumococcus in moist sputum is of considerable 
duration, the average period being less than two weeks unless the material 
IS exposed to direct sunlight But, as such sputum does not give off bacteria 
even when exposed to stiong currents of air, it may be considered as innocu- 
ous except to persons handling clothes, bedding, etc , v Inch have recently 
been contaminated Under ordinary conditions this sputum dues in the 
course of a few hours or days The dried masses retain their virulence for a 
long time and if deposited on the floor or on bedding may be powdered 
mechanically, and sv eeping, dusting, or brushing the contaminated articles 
will distribute pneumococci in the air Fortunately, the organisms do not 
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remain long in suspension and die rapidly under the action of light and 
desiccation In sunlight or diffuse daylight the bacteria in such powdei die 
within an hour, and in about four hours if kept m the daik The danger from 
infected sputum may be avoided by ample illumination and ventilation of the 
sick-room in older to destroy or dilute the bacteria and by the avoidance of 
dry sv eeping or dusting Articles hich may be contaminated and v hich 
cannot be cleaned by cloths dampened ith a suitable disinfectant should be 
removed from the patient’s vicinity 

B When a person sufPeiing from a pneumococcus infection coughs, 
sneezes, expectorates or talks, particles of sputum or saliva are expelled from 
the mouth, which may contain virulent pneumococci Such particles remain 
suspended in the air for a number of hours if the ventilation of the room is 
not good They may be inhaled by persons m the vicinity or deposited upon 
various articles m the room Whether suspended m the air or dried on 
surioundmg objects, they become haimless m a very short time, about an 
hour and a half being the extreme limit, while many of the pneumococci in 
the spray perish m a few minutes, especially if exposed to strong light 

The risk of infection from the pneumococcus is largely confined to those 
in direct contact with the patient 

Pneumococci have been isolated from the throats of 50 out of 80 noimal 
individuals, fiom 66 out of 74 cases of lobar and lobular pneumonia, from 10 
out of 15 common “colds,” and from 14 out of 31 cases of miscellaneous 
disease It is also probable that the virulence of the pneumococcus is some- 
what higher in pneumonia than m “normal” cases, although this is a very 
difficult matter to deteimine Wells ^\as able to demonstrate the pneumo- 
coccus in the respiratory passages, chiefly the throat, of 62 out of 135 indi- 
viduals examined (45 per cent) Certain other findings of the Medical 
Commission for the Investigation of Acute Respiratory Diseases, should be 
noted, namely (a) while a small number of individuals constantly harbor 
virulent strains of the pneumococci in their mouths, the majority of people 
do so only from time to time (6) Individuals who come in contact with 
pneumonia patients harbor the microorganism m much greater proportions 
than those not so exposed (c) Infection may be acquired from droplet 
infection, from dried sputum, and from actual contact with utensils which 
have been used by pneumonia patients (d) Patients convalescent from 
pneumonia may cairy virulent organisms in their respiratory passages for 
weeks or even months (c) It is probable that infection may be acquired 
from some cases of ordinary “cold ” 

The disinfection of sputum is best accomplished by keeping a strong 
solution of lye or sodium hydrate in the sputum cup, the use of v Inch should 
be enforced The addition of bichloride of mercury, carbolic acid, and other 
disinfectants to sputum simply produces a coagulation of the peripheial 
mucus while the central part of the coagulum is protected When isolation is 
possible, it should be carried out, especially in hospital wards and in rooms 
generally occupied by more than one member of a family Patients enfeebled 
by age, renal and cardiovascular lesions or acute illnesses such as typhoid 
fever and influenza should be kept from contact with, or even proximity to a 
patient with pneumonia When association is unavoidable the bed should be 
screened, a procedure which would tend to minimize general aerial dis- 
semination of microorganisms expelled in coughing Those nursing pneu- 
monia patients should be warned against needless handling of, or proximity 
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to tlie patient, and of touching their own face ithout careful disinfection of 
the hands Aged and debilitated individuals and those who have once been 
attacked by pneumonia should prefeiably not be selected as nurses 

In regard to the general combatting of the disease, something may be 
hoped for through the education of the public It should be common know- 
ledge that anything which tends to reduce the vitality — dissipation, loss of 
sleep, overwork, overworry, underfeeding, alcoholism, etc — ^predisposes to 
an attack of pneumonia Further, that exposure to cold, draughts, or any 
chilling influence when overheated and perspiring, and especially when 
physically exhausted, directly invites infection The foregoing statements by 
no means indicate coddling, overclothmg or bad ventilation It should be 
equally understood that the habituation of the body to cold air or vater, 
when not carried to extremes, and when followed by a vigorous systemic 
reaction, is highly beneficial, as is also thoiough ventilation and the habit of 
sleeping with open windows 

The duties of the municipal government should consist (a) m helping to 
disseminate knowledge of the above-mentioned chaiacter, (b) m enforcing 
regulations forbidding expectoration in public places, especially within doors, 
(c) m proper cleaning of the streets, a procedure which should always be 
preceded by thorough sprinkling, and performed only at night, (d) m 
systematically disinfecting rooms in which patients with pneumonia have 
been lodged 

It IS to be hoped that the future may bring forth some specific prophylactic 
measure, in the nature of a serum or an inoculation Such a thought is not 
new, as the following quotation shows “The Moors and the Fouls of 
Senegambia have a custom whose origin is lost in the obscurity of antiquity, 
which consists in the inoculation of their cattle vith the virus of epizootic 
pleuropneumonia ” A knife is thrust into the lungs of an animal dead of the 
disease and then plunged subcutaneously into a healthy animal in the supra- 
nasal region Experience has demonstrated a protective result (De Roche- 
brune, 1885) 


THE TREATMENT OP LOBAR PNEUMONIA 

The historical consideration of the treatment of pneumonia offers a gloomy 
retrospect, the sombre hue of which is not much lightened by the contem- 
plation of the present Ever since the days of antiquity, pneumonia has heen 
observed and studied, while one method of treatment after another has 
been vaunted with enthusiasm, only to be abandoned m despair, the disease 
meanvhile pursuing the even tenor of its way, with scant respect for the 
methods employed against it 

Hippocrates treated pneumonia by laxatives, expectorants, cups or the 
actual cautery and with baths on the fourth and seventh days, and oil 
inunctions on the fifth and sixth The principal food administered was of 
fatty and saline character For some cases elaterium was recommended 
Galen, m 230 A D , advocated venesection, a practice which was strenuously 
opposed by Epistratus Laennec stated that “m every case the more feeble 
the pulse, the less the indication for blood letting ” In 1830, Dewees stated 
that nearly all v riters agree that the proper treatment of pneumonia should 
consist in (1) Venesection— local and general, (2) purges, (3) blisters, (4) 
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alteratives, (5) antimony, and (6) tomes Neaily all of these remedies have 
from time to time been employed in heroic doses, thus, we find Marshall 
Hall bleeding his patients to the point of syncope 

Quinine, aconite and veratrum viiide Avere much in vogue about 1860 
In 1880, especially m Geimany, cold, in the form of baths, compresses or 
packs, was much used About 1899 various drugs with germicidal qualities 
were extensively employed — cieosote, chloroform, salicylic acid, etc 
Recently various serums have been tried, and although their employment is 
based upon the most natural and therefore the most logical grounds, their 
use, certainly so far as curative effect is concerned, has been valueless 
Undoubtedly one of the most salutory events, so far as treatment is con- 
cerned, was bi ought about by the Vienna school of theiapeutic nihilism, 
inspired by Skoda As the result of its doctrines the fact was thoroughly 
demonstrated that pneumonia is a self-limited disease, Avith a natuial 
tendency toward recovery, and that Nature can do more for the patient 
than the routine application of any one method of ti eatment indiscriminately 
applied Previous to this time it had been the custom to treat pneumonia 
with large doses of antimony, aconite and other powerful depressants 
Speeme Treatment — Merewy, m the form of calomel, has been very 
extensively employed m pneumonia for its supposed “antiphlogistic” effects, 
sometimes to the point of salivation, or m enormous single doses, ranging 
from 20 to 60 grains a day It has also been used Avith opium, the idea being 
that it would thus be absorbed and exercise an antiseptic action By some, 
its use in the early stages has been ci edited with aborting the pneumonia 
The wdide'? have been employed in over 250 cases by Altshul with a mortality 
of only 1 per cent Potassiui i iodide was given m rapidly increasing doses 
up to 3,000 grains daily The di ug is said to have been well borne Digitalis 
has had many enthusiostic siippoiters, chiefly m Italy Its employment was 
based upon the fact that veiy i iinute quantities of digitalis would prevent 
the growth of the pneumococcus in vitro It has been given in doses of from 
4 to 5 grams daily Capua no fjeheved that tins drug exercised a beneflcial 
action through the production of leukocytosis 

Veratnim vinde was at one tine enthusiastically endorsed by no less an 
authority than H C Wood, especially in the early stages, the theory being 
that the patient was “bled into his own vessels,” and that m this way 
engorgement of the lung ivas prevented and sometimes an attack of pneu- 
monia aborted With the present conception of pneumonia it is hardly 
credible that the disease may bo aborted by any physical - leans Chloiofotm 
inhalations have been used extensively and for prolonged periods of time by 
Clemens of Frankfort, based upon a supposed sedative, antiseptic, anti- 
coagulative action, as well as for the relief of pain This author states that 
he has treated every case of pneumonia occurring m his practice during the 
last forty years by this method — without a death I Qiiimne too has been very 
extensively employed, and still has some strong advocates The theory of its 
use seems to be that of a germicide and antipyretic This treatment was 
employed by Petresco in 1891 and has lately been revived by Galbraith and 
others The latter gives from 30 to 120 grams of quinine daily, with tincture 
of ferric chloride The salicylates have also been much vaunted Liegal 
treated 72 cases of pneumonia in miners, ranging in age from sixteen to 
seventy-four years, in doses of not less than 8 grams daily All of his patients 
recovered Creosote, either pure or in the form of the carbonate, has been 
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considerably used of late ICeir has collected 1,130 cases tieated by this 
method with a death-iate of 4 9 per cent Creosote has also been adminis- 
tered by inhalation and by rectal injections Scott and Montgomery 
tieated 67 patients at the Pennsylvania Hospital, Philadelphia, with car- 
bonate of creosote, 10 to 15 minims every two or thiee hours, vvith a mortality 
of 14 9 per cent Intravenous injections of colloidal silver have been used by 
Thiroloix 

An entirely new departure m treatment has been made by Albert Robin, 
based on the fact that small solutions of certain metals — ^platinum, gold, silver, 
palladium — are apparently capable of influencing the chemical reactions of 
elementary nutrition This action consists, so far as knovn, of a stimulation 
of the hydrating and o\ido-i educing phenomena correlative to a certain 
number of vital acts In pneumonia with a fatal ending, the co-efficient of 
nitrogenous utilization falls on the average to between 68 and 73 per cent , 
and the output of urea is more oi less decreased In patients who recover, 
the co-efficient varies from 77 to 82 per cent at the height of the attack It 
uses, as does urea also, a little vhile before the thermic defervescence, to 
increase still further later on Since at the same time the oxygen consumed 
diminishes, the respiratory quotient is increased The crisis occurs comci- 
dently Avith the exaggeration of the hydrating and oxydo-reducmg acts The 
similarity which exists between the clinical phenomena at the crisis and those 
determined by the metallic ferments suggested that the foimer might be 
aided by the latter, the metallic ferments increasing the normal means of 
defense Robin treated 14 patients in this manner, giving hypodermic 
injections representing the active principle of the metals, and got chemically 
very distinct results increase of urea, increase in the co-efficient of nitrogen 
utilization, increase of uiic acid, and free elimination of indoxyl Thirteen 
out of 14 recoveied 

The treatment of pneumonia bj' senmtheiapy has been unproductive of 
beneficial results sufficient to warrant its recommendation Anders has 
collected 535 cases treated by this method — 61 cases by diphtheritic, and 
474 by antipneuraococcic serum — ^vith 85 deaths, a mortality of 18 3 per 
cent Since the publication of Ander’s article, Paessler, Winkelmann, and 
also Leichtenstern, have reported on 24, 16, and 4 cases, respectively, treated 
vath Roemer’s serum with a joint death-rate of 25 per cent Tartaro has 
treated 25 cases with Pane’s seium, 2 ending fatally The reports of indi- 
vidual observers have m some cases been very laudatory, but when a large 
number of cases is reviewed the results are unsatisfactory It should be 
stated, hovever, that some physicians who have used the serum, although 
admitting that it had no direct curative effect, were nevertheless impressed 
vith the fact that the patient’s general condition, at least so far as comfort 
V as concerned, was materially improved 

The reasons v Inch may account for the failure of this most rational form 
of therapy are several To begin with, as Welch has pointed out, the present 
stage of progress does not hold out much hope for a protective antitoxin, 
oving to the low vitality of the pneuraocoecus m aitificial moeulation, and, 
furthei, that there is absolutely nothing which can be termed specific in 
pneumonia What is clinically recognized as lobar pneumonia may be 
caused by a variety of different organisms or by mixed infections Leaving 
the Fiiedlandei bacillus, the Eberth bacillus and the pneumococcus out of 
the question, the researches of the Pneumonia Commission have shown 
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quite cleaily that there are at least two tj^pes of organisms which bear very 
close, though as yet not definitely determined, lelations to the pneumococcus, 
namely a diplococcus veiy similai to the pneumococcus, which does, how- 
ever, not ternient inulin, and the Sti eptococcus mucosus capsidatns, an organ- 
ism moic nearly akin to the pneumococcus than to the Sti eptococeiis pyogenes 

The vulnerability of the pneumococcus is well known In view of this 
fact it would at first sight seem reasonable to attempt to check its growth by 
various antiseptics, administered either by inhalation, by mouth, by hypo- 
dermic injection, or by inunction All of these have been tried wnth a vast 
array of drugs, and sooner or later they have been found w^anting Several 
facts are fiequcntly oveilooked by the enthusiatic employers of different 
remedies, w'hicli it is wmrth while to briefly point out 

Fust pneumonia is a general systemic infection ivith local manifestations 
in the lung In many cases the pulmonary lesion is only secondary both 
from the standpoint of infection and in its importance in producing a fatal 
teimination Second pneumonia is a definitely self-limited disease, just 
as tjqihoid fever, wdiicli may occur in an abortive form by reason of deci eased 
virulence on the part of the oigamsm or increased resistance on the part of 
the individual A specific effect might be veiy readily attributed to the 
action of a certain remedy wdiich had been admimsteied Third the 
moitahty from pneumonia vanes more or less in different yeais, epidemics, 
and localities For obvious reasons, it varies greatly in small senes of cases 
treated by the same methods, so that the individual obseiver is veiy apt to 
draw false conclusions Fourth pneumonia is often due to mixed infection, 
or to entirely different varieties of organisms, conditions wdiich w^e are at 
present rarely able to positively or promptly determine This factor probably 
in part accounts for the very diverse conclusions which have been arrived 
at by different observers who have employed diffeient kinds of therapy 

This review^ of the methods of treatment of pneumonia might be extended 
almost indefinitely The brilliant results of specific remedies lauded by some 
fail to materialize when the same remedies are tried by others It is to be 
regretted that there seems to be a tendency fiom time to time to take up 
various old, well-tried, forgotten, and useless forms of medication 

We have at present no specific for pneumonia, and such a specific must 
come through the development of serumtherapy Each claimant for a 
specific treatment can, neveitheless, produce statistics to support his state- 
ments, providing the critic does not insist that the following consideiations 
must qualify any presumed facts 

1 A number large enough to exclude the personal equation and other 
qualifying features oust be analyzed 

2 The age, see, social aiicumstances and habits, the environment, 
charactei of epidemic, season of year, and ciicumstances of the hfe-history 
of the host as well as of the pneumococcus, and many othei details, must be 
constant features in the groups of cases arranged for compaiison The 
pneumococcus may at one time be virulent, at another innocuous, or the 
host susceptible or relatn ely immune Neither the host nor the organism 
are constant factors Thus far in all literature there are no such compre- 
hensive analyses The thoughtful physician is compelled, therefore, to 
put aside all such vaunted specifics and subscribe to lines of treatment 
based upon physiological principles, derived from our knoivledge of the 
aetion of the organism and the reaction of the host 
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The action of the organism is that of an invasion or infection of the host 
inducing a geneial infection, a local inflammation, and a secondaiy toxamna 
A favorable leaction of the host is seen m the ability to take care of the 
inflammation by physiological means, and to neutralize, eliminate, or with- 
stand the effect of the toxins As to the oiganism, after invasion or infection 
has taken place but little can be done by the therapeutist, save to perhaps 
limit the inflammation or prevent reinfection To secuie these W'e must 
lessen congestions wdiich become points of lessened resistance and hence 
vulnerable to fuither invasions, w'e must ivard off other microorganisms to 
prevent mixed infections, and we must prevent reinfections of the pneumo- 
coccus 

As to the host, we must aid every line of defense provided by natuie The 
nervous system, the circulation, the digestive apparatus and the secretory 
organs must be carefully studied and their functional activity looked to 
The aged, the debilitated, the sufferer from organic disease, should thus 
receive the help their enfeebled powers demand In short, any attempt to 
defeat the inroads must be attained by a careful study of the host It is on 
the patient, theiefore, that most reliance must be placed for recovery and 
hence his resistance must be fortified and his powms of elimination aided 
Fortunately many individuals evince enough power of defense, as manifested 
by good resistance and sufficient elimination We know that death ensues 
in uncomplicated cases either from an overwhelming extent of the inflam- 
mation or from the toxsemia These factors serve, therefore, as the indi- 
cations foi treatment, and are in truth our conception of the morbid process 
wdiich w^e have to combat To do this successfully w^e must play W'lth 
Nature’s caids 

General Considerations — ^^Vhen w e are dealing with pneumonia, the 
scenes change rapidly and the passage of an hour or two may present an 
entirely different picture The obvious lesson of this is that pneumonia 
patients should be w^atched carefully and seen by the attending physician 
at frequent intervals, especially during the latter part of the disease wffien 
judicious and w^ell-timed medication may tide the patient over the ciisis to 
recovery Furthermore, the physician should abvays remember that there 
IS no routine treatment, that each patient must be a law^ unto himself, and, 
finally, that it is the individual wdio needs treatment, not the disease When 
clamorous lelatives insist that something be done, it is far better to give a 
placebo than to risk the administration of any lemedy wffiose physiological 
action IS not cleaily understood and whose employment is not definitely 
indicated As Hare has veiy aptly stated, the physician “must be the 
w atchman all the time, and the therapeutist only when treatment is actually 
needed ‘All patients may be dnided into three groups, those doomed to 
death by the malignancy of the infection, those that are but slightly ill by 
reason of mild infection, and those who are betw^een the two extremes and 
need careful medical aid to accomplish recovery ” For the first group no 
known treatment avails, for the second none is needed, but in the third 
therapeutics finds a legitimate and fertile field 

The Inflammation ^The inflammation is the result of an infection, liable 
to increase in e'rtent if the cause persists, atria of infection prevail, or 
ocal and general resistance falls below normal Such local resistance is 
lessened if congestions are present, whether from cardiac, renal (toxic), or 
traumatic causes as we see m traumatic pneumonias General resistance. 
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on the other hand, is lowered by unhygienic conditions, by antecedent 
depressing influences, as disease or alcohol, and by the action of the toxin. 
We must consider the patient as an infected subject liable to reinfection 
from the same organism derived from without or resident within the mouth 
or fauces 

The patient should be scrupulously cleansed and then kept clean The 
assailable mucous membranes should be cleaned and all abiasions sealed 
The eyes, the nose and throat, and above all the mouth should have thorough 
and lepeated cleansing with mild antiseptic lotions The laryngitis, tiacheitis 
and bronchitis which fiequently precede or accompany the infection should 
be treated by cold compresses and other hydrotherapeutic measures, by local 
counter-irritation, by the inhalation of proper medicated sprays or vapors and 
by the usual remedies if they do not conflict with or leplace medication that 
IS necessary for the major infection The discharges should be disinfected 
and destioyed at once 

Adequate ventilation of the sick-room is of the greatest importance There 
IS absolutely no danger of the patient catching cold, even when the windows 
are wide open Thorough ventilation is of especial importance if the room 
IS small, if it IS occupied by several people, or if there is a stove or light 
burning m it In addition to being well-aired the bedroom should have as 
much sunlight as is compatible with the comfort of the patient The tem- 
perature should never be above 65° F , visitors and unnecessary attendants 
should be excluded, the use of the bed-pan enforced, and preferably a single 
bed should be chosen 

Aerotherapy — ^\Ve owe to Northrop the most recent energetic and con- 
vincing statements of the value of this proceduie Fresh an stimulates the 
heart and respiration It supplies requisite oxygen, relieves “air hunger,” 
promotes sleep, quiets restlessness and promotes digestion As Juigensen 
long since pointed out “fever patients cannot catch cold ” Franklin vrote, 
“Colds, so-called, are utterlv independent of either wet or cold ” 

Method — If possible choose a sunny room, have the wmdoAVS wide open, 
or the sashes taken out, regardless of weather oi temperatuie If there is 
dust or snow replace the window panes by cheese-cloth screens The tem- 
perature of the room should preferably be below 65° F, Supply extra wraps 
for the nurses Hot foot baths, followed by friction, are veiy beneficial 
These and rectal injections can easily be given under the bedclothes The 
patient’s arms may be left outside the covers Northrup pointedly says, 
“Do not make the patient breathe five times when three will accomplish the 
same effect Give him air, fresh air, in unlimited amounts and constantly ” 

In the past few years excellent results have been obtained by treating the 
patients m tents or on protected verandas But little medication was given 
It does not seem possible that any one should cavil as to the advantages of 
such treatment, hut it is necessary, before these plans can be adopted, to 
educate an unwilling public 

The patient should weai light woolen undergarments to prevent sudden 
changes of temperature and should never be clothed heavily enough to 
produce discomfort or profuse perspiration Woolen and cotton jackets are 
still used by a few practitioners The jacket poultice is, fortunately for the 
patient, a thing of the past, although of late it has been supplanted to a slight 
extent by a somewhat similar procedure — ^that of applving vaiious forms of 
pastes to the chest The only advantage which such forms of treatment 
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possess lies in then relief of pain and this can be much more satisfactorily 
accomplished by othei means 

It is needless to say that all means which might distuib physiological 
processes must be guarded against Improper feeding, undue exertion, 
excitement, and other disturbing influences, must be corrected When it is 
recalled that a large proportion of pulmonaiy pneumococcus infections are 
attended by infections of the colon, the influence of diet can be appreciated 
Blood Letting, Cupping, External Apphcations — ^IVith the intention of 
controlling the extent of the inflammation, one of the measures above 
suggested may be employed If the patient is robust and of plethoric tj'pe 
and the local pain and chest oppression severe, the removal of a half pint of 
blood by phlebotomy may yield good results It has the sanction of many 
authorities but the senioi writer must confess he has never resorted to it, 
relying on other means to gam the same end On the other hand, dry cupping 
IS his practice (wet cups produce too many wounds) Cupping should not be 
limited to the supposed site of the inflammation but the cups should be 
applied all o'ser the lungs, front and back, to the number of twenty or thiity 
It should be done early and repeated every six or eight hours as long as pain 
persists, the dyspnoea or oppiession continue, or the respiration late rises 
After cupping, the pam may further be relieved by thorough siiapping of 
the chest The fixation induced is of immense relief External apphcations 
of sinapisms, liniments and ointments are of value for the friction required 
and the psychic effect induced Diy cold, m the form of the ice-bag or the 
coil IS in vogue at present and appears to relieve pam or limit congestion 
The fact that it does induce comfort and is often grateful to the patient is a 
strong argument in its favor ]\Iany do not like cold or are depiessed by it 
Dry heat, by hot watei bags or flannels, gives comfort to many and foi the 
aged and debilitated may be useful, although nevei a cuie 
Hydrotherapy — Gieater confidence can be placed m hydrotheiapeutic 
measures than m other forms of local treatment These have the advantage 
of inducing peiipheral stimulation and theiefore also combating the toxiemia, 
for which geneial hydi othei apeutic measures also avail We have the cold 
or varm bath and douches, the cold compi esses, and the mustaid foot bath, 
at our command The effect of hatlis is to calm the nervous system, deepen 
respiration, aid expectoration, reduce fever, and stimulate the heart and 
vascular system, especially if not repeated oftenei than every four hours 
Baruch points out that tn clnldien undei eight years, the tub bath, 90° F , 
with friction, is of value, used for six to ten minutes iihen the temperatuie is 
above 102°, especially if theie be nervous sjTnptoms It is well never to use 
watei below 80° F for children If theie are symptoms of heart failure — 
dj^spnoea, cyanosis or other alarming manifestations — the child should be put 
in the tub M'lth v ater at 100° F up to the nai el, and two to four basins of 
\\atertat 75° F to65°F ) poured over the shoulders Then he should be dried 
vith consideiable friction Jacobi advises “cold baths, or packs when the 
temperature is high, but most patients do quite well with sponging or fiiction 
Mith 11 et tovels The latter plan is both refiigerant and stimulant” 

Foi adults the baths are too disturbing, although the temperature 
jaelds more readily than m typhoid fevei In severe cases with threatened 
collapse, honevei, a bath of 100° F to the waist, and water 75° to 65° F 
poured o\er the shouldeis, is of value It may be employed also when 
stupoi IS marked 
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Cold compresses are efficacious methods of hydrotherapy and are applied 
as folloi\s Cut three thicknesses of old linen, of sufficient size to fit the 
entire chest from the clavicles down to the umbilicus, with slits in the region 
of the axillaj, made by exact measure, sufficiently deep to allow the upper 
edge of the compress to reach above the clavicles and admit of the junction 
of the flaps thus formed ovei the shoulders Two such jackets and two pieces 
of closely woven thin flannel of the same shape but an inch wider should 
be provided and fitted One of the linen compresses is rolled up, soaked 
in a basin of water at 60° F , and wrung out so that it remains quite damp, 
without diipping The flannel is now spread out upon an even suiface and 
the wet compiess put upon it, so that there remains an edge of flannel about 
an inch wide all around Both are rolled together half way While the 
patient is turned upon his left side, without any effort on his part, the com- 
press IS so placed upon the bed that the rolled part lies in close pioximity to 
the left side of the patient, the lower edge of the slit being under the axilla 
The patieffi is then quietly turned upon his back, thus releasing the lolled- 
up portion, which is now unrolled, and the two edges thereof brought forward 
ovei the anterior surface of the chest until they meet Next the flannel is 
laid over the compress, and attached in the median line with safety pins 
The arms vhich have been elevated during this procedure are now laid at 
the patient’s side 

The foregoing procedure is to be repeated every half hour unless the 
patient’s tempeiature is below 102° F , and every hour unless it is below 
99 5° F , vhen it should be discontinued It should not be continued unless 
the patient feels arm before the application Thinner coinpi esses may be 
used for delicate individuals and changed as soon as they become heated 
Oiled silk should never be used in the place of the flannel, as its use produces 
a poultice-hke effect, entirely different from that vhich is desired This 
treatment is especially efficacious in toning up the vasomotor system 
It also furthers the elimination of toxin (Roque and Weil have shown that 
the toxieity of the urine is increased by it) Baruch has reduced Ins mortality 
in 156 cases about one-half, % e , to 12 per cent in hospital piactice 

Rationale of Method — It has been shown experimentalh that the pul- 
monary vessels are supplied by vasomotor nerves thiough the roots of the 
second to the seventh doisal nerves The “epigastric reflex” which resides 
n the skin of the epigastrium and sides of the chest, is connected with the 
fouith, fifth, sixth and seventh dorsal ganglia Hence a positive effect upon 
the vasomotor supply of the lung maj be evoked by co\ enng the entire chest 
with sufficiently cold water to a line level with the umbilicus 

Baruch says, “When the cold compress is applied there is a rapid con- 
traction of the cutaneous vessels which raises the tension at once, but 
eventuates in a tome dilatation of these vessels, which is evidenced by the 
ruddy hue of the skin This dilatation differs very decidedly from that 
lelaxed condition of the cutaneous vessels which is produced by warm 
poultices The latter relaxed condition produces a paretic condition of the 
vessels, or a stasis, while the cold applications stimulate the vasodilators, 
giving rise to an active dilatation, with maintenance of the tone of the 
vessels, an active hyperiemia, by reason of v Inch the blood is propelled more 
vigoiously through them The heart is thus leheved, not by a -r? 9 a ieigo, 
as IS the case after digitalis, but by a diminished vis a fionie, formed by 
broadening of the blood stream, whose enhanced tonicity aids at the same 
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time m propelling the blood fonvard Arterial tension is increased, as is 
evidenced by the better filling of the radial aiteries The right heart is 
indiiectly aided by this enhancement of the general tone of the vascular 
apparatus, and may thus expend more force upon the pulmonary circulation, 
•whose vessels contract more firmly by reason of the dilatation of the super- 
ficial vessels ” 

The senior ivriter has used these cold compresses in hospital and general 
practice for many years and can speak ivith positive confidence of their value 
Sometimes the coil is substituted In the vards of the Philadelphia hospital 
■wdiere many debilitated alcoholic and senile patients are brought, the treat- 
ment has been most satisfactory Such individuals aie also much benefited 
by stimulation by means of hot foot baths, or hot v atei bottles to the feet 
The mustard foot bath should be given as follows The patient, ivitli the 
night-gown drawn up, lies upon his back, between blankets, the knees being 
flexed A tub of water, as hot as the patient can bear, "with its long axis 
parallel to that of the body, is placed under the feet The vessel should be 
about half full of water and have added to it povdered mustard m the 
proportions of one tablespoonful to the gallon A blanket should be placed 
under the tub and be folded ovei its lover end so as to cover the knees 
Fmall'V, several blankets or one blanket and a rubber sheet should cover m 
the patient, tub and all As the water cools, additional hot v ater should be 
carefully added The time required is generally about half an hour, varying 
according to the amount of sweating produced 

Cardiac Depressants and Hypnotics — Measures to lower the blood 
pressure in the early stages are of doubtful usefulness and w'e must look upon 
such remedies as aconite and veratrum viride wuth many misgivings It 
must be remembered that the use of the latter, particularly in a guaided 
manner, has the sanction of high authority, but such a Mew cannot be 
supported, as the same result may be obtained by safei measures The 
severe rigor at the onset and the marked pain in the side contribute to shock 
the patient more or less One ]5lan, therefore, if the subject is not over 
fifty, IS to give a full dose of moiphia, pieferably h'yqiodermically Repeated 
small doses are not as safe oi as beneficial Patients ovei fifty should be 
examined for lenal disease before morphia is given, and to those w'lth 
nephritis it should be given sparingly if at all The morphia counteracts 
the shock, induces sleep and so indirectly relaxes the arteriovascular system 
as to low^ei blood pressure 

Laxatives, Diaphoretics and Diuretics — In addition w'e have diuretics, 
diaphoretics, and laxatives They each have a place m therapeutics of 
pneumonia Laxatives may be employed in the first period The infection 
IS often attended by a slight gastritis with hea'vuly furred tongue, anoiexia 
and constipation Small doses of calomel (gr gm 0 OOS) oi mercury wuth 
chalk may be given hourly until a gram is taken It is often advised to give 
calomel m one large dose (5 to 10 gr , 0 3 to 0 6 gm ) dry on the tongue 
I^ith or without calomel, Rochelle salts or saline cathartic waters may be 
gi\en and repeated during the course of the disease, according to the indica- 
tions There are some who prefer to give lobust subjects the compound 
cathartic pill or elatenum (gr J to gm 0 016) 

Of diaphoi etic^, the salts of potassium are the most satisfactory Citrate of 
potassium (gr 15, gm 1) m hot water wul! lower blood pressure and so relax 
the vascular sjystem as to induce sw^eatmg Hot lemonade and other hot 
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drinks, hot water bags and mustard foot baths may start free perspiration 
The hot pack or hot sweat may be employed with great caution Jaborandi 
should not be given One drug or combination of much advantage for its 
diaphoretic action and sedative effect, if pain is present, is Dover’s powder 
It should be given m small doses if theie is pain and restlessness One to 
three grams every three hours is sufficient As soon as the pain is relieved 
it should be discontinued The liquor ammonia acetatis may be given 
every second hour either with oi vithout an opiate 

Diuretics — ^These are in agreement with the other measures, as they lower 
blood pressure Water is the best diuretic From 4 to 8 ounces should be 
given hourly The salts of potassium are useful diuretics Unless there are 
complications it would not be wise to give digitalis or squill These measures 
continued for two, three or more days, or as long as the fever lasts, unless 
replaced by drugs required for other indications, relieve the hot skin, the 
bounding pulse and the headache If the urine is scanty, saline infusions 
may be used 

The Toxaemia — ^This manifests itself first by an increased stimulation of 
the nervous system — wakefulness, evcitabihty, delirium, etc Later, the 
results of overstimulation become evident m enfeeblement, depression, 
hebetude, stupor oi coma The management of toxaemia consists in en- 
forcing resistance, increasing elimination and counteracting the effects of the 
toxins No antitoxin thus far obtained can be relied upon for theiapeutic 
relief Resistance to the toxins can be secured by aerotherapy, hydro- 
therapy, careful feeding and, when required, moderate stimulation 

Elimination is secured in the class of cases not overwhelmed at the onset, 
bv the measures suggested to produce diuresis and diaphoresis When 
indications of toxiemia, greater than the system of tlie patient can sustain, 
appear or failure of secretion of the urine is imminent, more energetic 
measures must be resorted to Of these, hydrotheiapy as described aboye, 
stands first Not only is watei to be used externally, but also mternall}' 
Large draughts of n ater — fi om 4 to 8 ounces — are to be given hourly or e\ery 
second hour It may be alkaline Just as it is of value in typhoid fever, so 
it IS of service in pneumonia In seveie foims, with renal insufficiency, 
enemas of normal salt solution (n arm) may be given either high in the colon 
or by the constant method of Murphj^ Likewise we may give saline infusions 
which in certain cases with marked toxaemia are of undoubted utility, but the 
mistake is often made of using them too late The ciedit of instituting their 
use m pneumonia, as yell as demonstrating the beneficial lesults, belongs to 
F P Heniy One often sees a very satisfactory result providing the pro- 
cedure is not too long delayed, but we cannot subscribe to its efficacy v ith 
the same enthusiasm its earliest advocates claimed for it 

Elimination may be further induced by stimulants, as those employed to 
diiectly counteract the tOxms, or by remedies as caffeine, cocaine or diuretin 
It IS usually not necessary to continue their use more than a few days 
Coffee and tea should be used for this purpose, if they do not make the 
patient nervous In cases of endocarditis with failing compensation, digi- 
talis IS the remedy to be used 

The effects of the toxins, if not lessened by elimination, must be coun- 
teracted by stimulants, given with full knowledge The therapeutist has 
powerful weapons at hand Alcohol, ammonia, strychnia, caidiac stimu- 
lants, camphor, musk and, for many, turpentine, compose the armamen- 

VOL 2 — il 



642 


INFECTIOUS DISEASES 


tarium They should not be used until needed, and then used without stmt 
Alcohol IS best given as wdiisky or brandy Four to 8 or even 12 ounces in 
t\venty-four hours may be given The minimum dose is to be preferied 
and can be deemed sufficient if sleep replaces delirium or -wakefulness, if 
the tongue becomes moist, the pulse slower, the secretions more free, and the 
expression more natural, m short, if adynamia disappears and strengtli 
replaces exhaustion Champagne may often lift the patient out of extreme 
exhaustion 

The advisability of admimstermg alcohol m pneumonia has been much 
debated On clinical grounds -we ai e justified m giving this drug to those -vi'ho 
are habitual users of it Experimentally Colla found that its use tended to 
dimmish the amount of glycogen m the liver, a substance -which increased 
the resistance of rabbits to pneumococcus infection, but his findings -n^ere not 
corroborated by Luschi ^ 

Fock of Hamburg sent out blanks to a large number of physicians m 
Germany, Austria, Switzerland, Denmark, Sweden and England asking 
w^hether or not alcohol was given m every case of pneumonia, under wdiat 
circumstances it -was employed, m Avhat form it was administered, whether 
it was given to drunkards, and what effects were expected and realized 
The general conclusions -which Fock dra-ws from a laige number of leplies 
are that it makes little difference -n'hether alcohol is used or not so far as the 
ultimate results are concerned A number of the physicians were however 
under the impiession that the use of this drug made convalescence more 
proti acted 

Ammonia may be used as a stimulant, either constantly, at repeated 
intervals, or intermittently We do not see the old ammonium carbonate 
bottle as frequently as formerly Its place is limited to stimulation or hen 
bronchitis complicates the pneumonia The aromatic spirits of ammonia 
may be given legularly or -u^hen symptoms demand a rapid diffusible stimu- 
lant It may be used to combat flatulence oi acidity It may be of much 
service if there is palpitation or dyspnoea in paroxysms Camphor in oil is 
given hypodermically when there is adynamia with cerebral depression and 
cardiac exhaustion Strychnia, hypodermically, should be given, especially 
if the pulse is rapid, feeble and dicrotic and the respirations hurried It is 
not to be used in a routine manner 

The Cnsis — Caution and -n'atchfulness must be enjoined at the expected 
time of, and m the event of, the crisis The greatest care must be taken not 
to allow undue exertion, as sitting up in bed or straining at stool Food must 
be administered in the lecumbent posture and stimulants employed freely, 
usually in the diffusible form Hot bottles or external heat in other foims 
should be applied and hot drinks given Strychnia, and adrenalin or, if 
there be excessive sweating, atropine may be lelied on to counteract the 
undue shock 

The Skin — ^The usual care must be extended to the skin and especially 
in the pneumonia secondary to diabetes and chronic nephritis The herpes 
requires anodjme dusting powders, as camphor, morphia and zinc oxide, 
sedative lotions, as camphor -neater or boiacic acid m alcohol, or ointments, 
such as oxide of zinc and boric acid ivith or without morphia oi cocaine 

The Nervous System — The ice-cap or coil to the head is of inucli seivice 
The extreme delirium of apex pneumonia usually does not require special 

^Jahresber u d Fortschr d Thier , 1906, p 349 
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treatment It must be distinguished from the delirium of meningitis, either 
from infection through the blood or from the ear and mastoid The ear 
must be kept cleansed and any commencing infection thwarted by the 
application of leeches, ice, and by perforation of the ear drum or trephining of 
the mastoid as indicated The dehnum of alcoholism demands more active 
stimulation, which should be begun early Postciitical delirium requires 
food and stimulants and may be aided by hyoscyamus, hyoscine hydro- 
bromate or scopalamine Large doses of bromides with trional may bring 
the desired sleep Opium and morphia are usually not of service The w^et 
drip sheet may be required and is often effectual 

The Cardiovascular System — Endocarditis in the course of pneumonia 
requires digitalis, almost always, and especially if failing compensation is 
imminent In tlie latter period of the disease dilatation of the light ventricle 
may ensue from mechanical causes, as w'ell as because of the toxiemia 
Local bleeding by leeches and perhaps generally by venesection may 
relieve the embarrassed heart The cyanosis is removed, the empty thread- 
like pulse IS improved and the respirations reduced in frequency This 
condition may arise after the crisis The symptoms of dilatation or of myo- 
cardial degeneration must not be confounded wuth soniewdiat similar symp- 
toms due to pericaiditis with effusion If it is present, and the symptoms are 
alarming, aspiiation or opening of the pericardium is imperative It may be 
necessary to resect a rib Pericarditis without effusion does not require any 
departure from the routine management, although the local application of 
cold may be tried The myocardial W'eakness from toxtemia, which too often 
leads to cardiac paralysis, must be managed by the best of nursing, light 
feeding, and stimulation, through the free use of strychnia, camphor, 
ammonia, and adrenalin 

When the apex beat is feeble, the first sound weak, and accentuation, 
which has been present at the base especially at the pulmonary area, begins 
to fail, it should be considered a signal for stimulation The condition of 
each patient must decide whether such stimulation should be directed 
chiefly tow^ard the heait itself or to the vasomotors and the nervous system 
It not rarely happens that heart w^eakness results from mechanical pressure 
fiom a pleural effusion or from distended intestines In the first case, 
aspiration of the effusion, m the second, strychnia, eserine, turpentine 
stupes or enemata are indicated, with legulation of the diet Cyanosis may 
be relieved by inhalations of oxygen, but it is very doubtful whether much is 
accomplished by this means 

The nitrites are sometimes employed with a inew^ of lessening the burden 
of the heart, and certainly one does see patients in w horn they improve the 
character of the pulse This is chiefly early m the disease but later, wdien 
heait w'eakness is pronounced, this treatment is generally unw'ari anted 
because, ow'ing to paresis of the vasomotor system, the blood pressure is 
already too low^ Aromatic spirits of ammonia is often useful as a heart 
stimulant but the effect of this drug is temporary and the dose has to be 
repeated at frequent interials In treating the cardiac condition w^e should 
be careful to avoid overstimulation and from time to time change or alteinate 
the various heart stimulants, as most of these are apt to lose then effect 
Ati opine IS sometimes a useful drug, especially w^hen oedema of the lung is 
threatened Jacobi has very aptly said that the time to treat heart failure in 
pneumonia is before it has occurred, and while undoubtedly there is much 
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^^holesoIne truth m the statement, it must not be misconstrued to mean that 
n e should be too lavish ivith our heart stimulants Only too often is it the 
case, that when the dire hours of the cnsis arrive the heart fails to lespond to 
treatment calling for renewed and redoubled effort An ice-bag placed over 
the precordium is often of considerable benefit in slowing, stiengthening and 
steadying heart action 

The Lungs — If bronchitis is present expectorants must be used Am- 
monium chloride may be given at first along with the diuretics and diaphor- 
etics of the first period Later, as expectoration is free, and the abundant 
rales indicate the second stage, stimulating expectoiants may be given, as 
eucalj’ptus, turpentine and terebene Of course, such remedies are not to be 
given if they interfere with the ffiain indications for treatment Laige 
pleural effusions are to be aspirated and empyemas treated surgically as soon 
after the crisis, if it occurs, as possible 

The Gastro-lntestinal Tract — ^The question of diet is of the greatest 
importance Nutrition should be kept up to the highest point Foimeily, as 
the result of misapplied treatment, it was not unusual for death to occur 
during convalescence, as the French put it “mort gucii ” The food should be 
selected for its nutritional value, the ease of assimilation being equally con- 
sidered The ideal food, therefore, is milk in some foim This may be given 
plain, peptonized, diluted with hme-watei or with some cereal added, or in 
the form of koumiss or junket Gelatinous foods, broths or beef juice, may 
be alternated with the milk, but it should not be forgotten that, with the 
exception of the last of these, the nutritious value is much less than that of 
milk As a general rule, sugars and starches are apt to produce fermen- 
tation, being therefore better omitted Raw eggs, custards, scraped beef and 
ice-cream are allow able Eggs may make up a large portion of the diet In 
cases in wdiich alcohol is indicated, this drug may be given incorporated wuth 
the food Stiong black coffee may be administered when heart failure or 
stupor calls foi stimulation All food should be given at regular intervals, 
varying from twm to four hours according to the amount taken Sleeping 
patients should not be aroused for nourishment, but stupoi must not be 
confounded with restful sleep Large amounts of water must be given and 
w'lth this purpose in new' the patient should have w^ater offered to him at 
frequent intervals Patients wall often drink wdien a draught is thus pre- 
sented, although they might not think of asking for it The juice of oranges, 
grapes, lemons and shaddock are often relished and well borne A veiy 
palatable diuretic beverage may be prepared by adding a teaspoonful of 
cream of tartar to a pint of boiling water, squeezing in the juice of half a 
lemon and serving when cold The sucking of cracked ice is a procedure 
which IS much relished and beneficial Effervescent beverages are better 
omitted especially if there is a tendency to flatulent distention The various 
forms of predigested foods may be given, but it should be borne in mind 
that nearly all of them contain alcohol and relatively little nutriment The 
same geneial rules apply in the case of cMdien If, as is sometimes the case, 
an infant is too ill to nurse, the mother’s milk should be wuthdraw n by means 
of a breast pump and fed to the child a few drops at a time w ith a teaspoon 
With older children fed upon cowl’s milk or artificial food, it is generally ad- 
% isable to dilute the food 

In connection with the diet we have to consider the administration of 
sodmm chloride For some reason, not yet definitely knowm, during an 
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attack of pneumonia the chlorides are generally greatly diminished, often 
entiiely absent from the urine for a number of days It would seem rational, 
theiefore, to suppose that these salts are required for some purjiose by the 
economy Some authorities have taken this fact as an indication for the 
exhibition of chloiidcs, — without any beneficial results, it must be admitted, 
but also without any deleterious ones The salt may be given by being 
liberally added to the food or the beverages, by saline enema, or in capsule 
Patients to whom sodium chloride is administered m this manner larely 
show an entire absence of this salt from the urine 

The mild gastritis of the first period is to be treated by fractional doses of 
calomel and mild salines The incessant vomiting of apex pneumonia may 
be relieved by ice compresses or mustard plasters The diet should be much 
restricted and gastric sedatives employed Colitis is a serious complication 
Correction of diet is the first indication, careful high irrigation of the large 
bowel the second Salt solution or boric acid solution may be used Tjmi- 
panites may ensue because of fermentation or of toxic paresis For the 
former, restriction of the diet is necessary The latter is an indication to 
increase stimulation and especially strychnine The salicylate or nitrate of 
eserme physostigmine (gr rou to ig, gm 0 00075) is often of value, given every 
four hours hypodermically Jaundice is not likely to lequire special treat- 
ment 

The Gemto-unnary Tract — ^Nephritis m the course of pneumonia does 
not require special medication, as the diuretic and diaphoretic remedies and 
the measures to combat toxemia suffice to meet the indications Pneumonia 
occurring in a subject of chronic nephritis requires more alertness and more 
prompt measures to combat the toxsemia It is a definite contra-indication 
for the use of opiates Hot packs may be required 

As has already been stated the pneumococcus can be demonstrated in the 
blood in the great majority of cases, and it probably exists there in all of 
them In pneumococcus septictemia we have a general systemic intoxication, 
accompanied fiequently by metastatic involvement of various tissues and 
organs The symptoms of couise depend laigely upon the exact location of 
the inflammatory process The treatment must vary accordingly, and 
beyond stating that this should be of a sustaining character no definite rules 
can be laid down 

Convalescence — ^The management of convalescence depends on the 
complications and mixed infections that have arisen Pneumonia uncom- 
plicated IS recovered from with rapidity and completeness If the toxiemia 
has been great, the patient should be enjoined from v ork, especially mental, 
for a long time No half-way measures should be advised If cardiac com- 
plications occurred, the usual exercises and baths for this condition would 
be of service and timely Pulmonary complications may require a change 
to a milder climate or to the sea 

Delayed Resolution — ^The treatment of this condition must be directed 
toward improving the patient’s general health and nutrition A constant 
and liberal supply of fresh air must be supplied, pulmonary gymnastics may 
prove beneficial Among the most generally applied measures are the 
external application of blisters; iodine, and the actual cautery, accompanied 
by the internal admimstiation of the iodides Some very comnnemg results 
have lately been reported by Edsall and Pemberton^ who have applied 

^American Journal of the Medical Sciences, February, 1907, p 286 
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x-T&ys to a number of these cases There can no longei be any doubt that 
these raj^s exert a powerful influence upon metabolism, winch they appear 
to stimulate, perhaps through their action upon vaiious ferments The 
cases reported by the above-mentioned investigators showed clinically a 
rapid dealing up of the consolidated areas, a condition which was accom- 
panied by a very marked increase in the metabolic output through the urine 
The general features in other words were practically identical with those 
noted in a normally resolving case of pneumonia 

Bearing these facts in mind we should be very chary about adopting the 
suggestion which has been made by some writers of employing the ai-rays 
therapeutically while the disease is in the active stages As we have already 
stated the chief danger to the patient at such times lies in the toxiemia of the 
disease, and by stimulating metabolic processes we should be running a 
grave nsk of swamping the economy with a larger quantity of poisons than 
can be eliminated, 
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TOXAEMIA, SEPTICEMIA AND PYEMIA 
By RICHARD M PEARCE, M D 

Introduction — A consideration of toxaemia,^ septicaemia and pyaemia is 
necessarily a discussion of mfection and its sequelae 

An infechon is the condition produced by the entrance and growth witlim 
the body of pathogenic microorganisms An infection may be local or 
general 

Toxaemia — ^In a local mfection the organisms multiply at the pomt of 
invasion, and cause, through the toxic substances which they elaborate, 
local tissue changes At the same time these toxic substances pass mto 
the general circulation and produce certain constitutional symptoms This 
secondary condition is best described by the term toxcemia Such is the 
usual course of events in the majority of acute mfectious diseases, as diph- 
theria and the pyogenic infections In some diseases, as tetanus, no de- 
monstrable tissue changes occur at the site of inoculation, all symptoms 
being due to the intoxication resultmg from the absorption of the bacterial 
products 

Although it is possible, as in the toxiemia of pregnancy, that substances 
elaborated in the destruction of tissue may cause an mtoxication mdependent 
of bacterial action, we have little positive evidence that this is a common 
occurrence It would seem advisable therefore to drop the old term sap- 
TCBmta m favor of toxemia The term sapraemia, first applied to the group 
of symptoms supposed to be caused by the absorption of the products of 
decomposition, and used almost exclusively in a surgical sense, does not 
accurately characterize the general group of mtoxications due to bacterial 
products and of interest now to the physician as well as to the surgeon 

Bacterial intoxication, however, may occur m the absence of infection, 
for example, m the various forms of food poisonmg Under these cir- 
cumstances the symptoms due to a poison introduced m large amount mto 
the gastro-mtestmal canal depend only upon the rapidity and amount of 
absorption , mfection does not occui, for the organism which produced the 
toxic substance, even if present, does not mvade the tissues It is essential 
therefore in considermg bacterial intoxications to distinguish betv een those 
followmg infection and preceded by a period of mcubation and those due 
to the absorption of preformed toxins vithout infection The latter are 
limited practically to the group of food-poisonings and do not come within 
the scope of this discussion 

Septicaemia — ^The older conception of septicaemia as a surgical affection 
due to the mvasion of the blood by the organisms of suppuration has delayed 

'The term toxsemia is used here to include only those forms of intoxication due 
to the products of bacteria, other forms due to altered metabolism, as for example 
the toxaemia of pregnancy and the various cachexias, do not come v ithin the scope 
of this section 
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the acceptance of the term m its broader meanmg The general invasion 
of the blood and tissues by any of the pathogenic bacteria constitutes a 
septicBemia and it matters not whether the general mfection follows local 
suppuration, or some other disease as gonorrhoea or pneumonia, or even 
develops AVithout evident portal of entry The application of the term 
hactenmmia to this condition is an attempt to avoid the older terminology 
The constitutional symptoms of a septicmmia are naturally those of toMEinia 
and due to the same factor, ^ e , the poison elaborated by the mfecting 
organism There is however this difference m toxaemia the poison is formed 
m the wound and absorbed therefrom, while m septicaemia it may also be 
foimed m all parts of the body In the former the symptoms usually dis- 
appear with the removal of the local mfection while m the latter such 
removal, once the process is well established, has little or no effect 

Pyaemia — ^^Vhen, m the course of a general invasion of the blood and 
tissues by a pathogenic microorganism, multiple secondary foci of suppur- 
ation appear, the condition becomes a pyaemia These secondary foci 
mclude abscess, diffuse suppuiation, endocarditis, synovitis or any other 
mflammatoiy condition of either the solid structures or the body cavities 
The term pyaemia therefore includes more than the mere development of 
secondary abscesses For example, a gonococcus septicaemia accompanied 
by an ulcerative endocarditis and suppuiation in the joints, due to the same 
organism as a result of its dissemination in the blood is, stiictly speakmg, 
a pyaemia although abscesses in the ordinary sense may not be present 

While m the majority of pyaemias the secondary lesions are due either 
to the streptococcus or the Staphylococcm pyogenes aweus, other organisms 
as the pneumococcus, the gonococcus and the colon and typhoid bacilli may 
produce suppuration The distribution of the infecting organism is fre- 
quently accomplished by fragments of thrombi, which, becommg separated 
from the local lesions, pass as emboli to various parts of the body and, if 
conditions are favorable, cause suppuration wherever they lodge Pyiemia 
obviously includes both septicaemia and toxaemia 

Boldt suggests for septicaemia the term acute bacteriaemia and for pyaemia, 
chronic bacteriaemia — but both clmically and pathologically this nomen- 
clature appears to be of doubtful value 

Historical — Pievious to the development of bacteriology the theories 
concerning wound suppuration and its complications were naturally based 
on anatomical observations Pyaemia therefore received early attention, 
while the explanation of septicaemia and toxaemia was delayed until the 
advent of bacteriology ^ 

The first attempt to explain the secondary abscesses was made byBoer- 
haeve who, m 1720, affirmed that these were due to a contamination of the 
blood by the pus of the wound In 1774 John Hunter demonstrated the 
association of suppurative phlebitis and pyaemia He believed that pus 
V as secreted by the vein wall, and therefore considered the phlebitis to be 
an intermediate stage necessary to the development of secondary abscesses 
This idea was supported by Cruveilhier m 1826 Virchow m 1846 opposed 
the theory that pus enters the circulation from the veins, and pomted out 

'For good histological reviews see W Watson Cheyne, "Suppuration and Septic 
Diseases,” Edinburgh and London, 1889, ibid, "Septicaemia and Pyaimia,” Allbutt’s 
System of Medicine, 1896, i, 580, also v Kahlden, “Sepsis,” Eulenberg’s Real Encylr 
clopudie der gesammten IleilLunde, 1899, xs.ii, 329 
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that the material in the veins is not pus but softened and altered thrombi 
and that the softened thrombi are separated from the ciiculating blood by 
more recent clots He also expressed the opmion that the inciease of so- 
called pus cells in the blood was evidence of a leukocytosis, and not of the 
absorption of pus from the local lesion In the meantime several inves- 
tigators (Gunther, Castelnau and Ducrest) had produced metastatic abscesses 
by injectmg pus into the veins of animals The recognition of a general 
toxic condition mdependent of the local suppuration of pyaimia was largely 
due to the work of D’Arcet (1842), who asserted that m septic infections 
two associated but distinct processes exist, a general poisonmg due to 
the absorption of putrid products and pluggmg of the vessels by emboli 
The first explained the fever and constitutional symptoms, the second the 
metastatic abscesses Virchow demonstrated later that the general septic 
condition could occur without metastatic abscesses, thus he distinguished 
between septiciemia and pyaemia as we now use the terms The experi- 
ments m support of this view were made with putrid pus It was found 
that well-filtered pus caused only the constitutional symptoms, while unfil- 
tered pus, containmg small masses of cells, led to the formation of embolic 
abscesses 

Meanwhile, early in the nmeteenth century, several investigators had 
studied experimentally the effect of mjectmg mfusions of putrid meat and 
other substances The first attempt to isolate the toxic chemical bodies 
from such fluids was made by Panum m 1856 He found that the toxic 
property of putrescent fluids was unaltered by heat, and was able to extract 
with alcohol a substance of considerable toxicity for dogs and causing symp- 
toms of putrid intoxication Beigmann and Schmiedeberg, in 1868, iso- 
lated from putrid yeast and from decomposed blood a crystalline substance 
which they called “sepsm” and believed to be Panum’s putrid poison Levy, 
later, brought forth evidence which mdicated that sepsin is a product of 
the B pioteus These and other investigations which followed, although 
they led eventually to the discovery of ptomains and to the elucidation of 
the various forms of food poisoning, aided in the solution of the problems 
of septicaemia only by the impetus they gave to the study of bacterial pro- 
ducts 

A little later the rapid advance of bacteriology allowed the application 
of methods which soon demonstrated the true nature of wound infection 
and its sequelae — toxaemia, septicaemia and pyaemia — and eventually to 
Lister’s statement of the principles of antisepsis Of these mvestigations 
the more important were those of Rmdfleisch, v Recklmghausen, Waldeyer, 
Klebs, Pasteur, Burton-Sanderson, and Koch 

To Koch, especially, is due the credit of experimentally distmguishmg 
between septic intoxication and true septicaemia and the relation of pyaemia 
to the latter He was able to demonstrate the rapid toxic action of large 
doses of putrid fluids with fatal result within a few hours, and vith small 
doses, one to two minims m mice, a gradual onset of sjunptoms, which 
developed m about twenty-four hours and usually resulted fatally The 
blood of the latter animals contamed bacteria which he v as able to cultn ate 
With minute amounts of these cultures he reproduced the disease, thus 
demonstrating that septiccemia was a true general infection differing from 
putrid intoxication in which he found no organisms m the blood He also 
demonstrated, m a micrococcus septiciemia, a pluggmg of the -vessels by 
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emboli composed of colonies of cocci and adherent red blood corpuscles, 
a condition somewhat analogous to the closure of vessels by embolic poitions 
of infected thrombi 

Etiology — Toxsemia — ^Under this term may be included all intoMca- 
tions due to the absorption of bacterial poisons For convenience of 
desciiption two sub-divisions may be made (1) the toxaemias associated 
vith affections demanding surgical mter\ention, the so-called “saprsemia,” 
and (2) those of the acute mfectious diseases as diphtheria, typhoid fevei 
and pneumonia The toxaemias of the first group are more or less uniform 
m character, for they follow either the invasion of living tissues by pyogenic 
organisms or the activity of putrefactive bacteria m necrotic tissues The 
toxaemias of the second group, due as they are to widely different micro- 
organisms, vary accordmg to the character of the toxin produced It 
therefore follows as a general rule that the toxaemia of any given mfection 
IS responsible m a great degree for the more important constitutional symp- 
toms For this reason it is worth while to consider the nature and mode 
of action of the products of bacterial activity 

The Bactenal Poisons — ^That the characteristic effects of a pathogenic 
micioorganism are due to the chemical substances which it elaborates is 
now generally accepted This may be manifest not only m the character 
of the local lesion but also m the degree and nature of the constitutional 
disturbance Thus in typhoid fever, cholera, diphtheria and pneumonia, 
though each has a distinctive local lesion, widespread systematic disturb- 
ances occur, on the other hand in gonorrhoea, except m peculiarly virulent 
infections, the action of the poison is confined to the place of its formation 
Some organisms m addition to the production of a general toxm also pro- 
duce a special poison as shown by the peculiar mvolvement of the peiipheral 
nerves m diphtheria and the motor neurones m tetanus 

A distmction may be made between pathogenic and toxlicogenic bacteria 
“A pathogenic bacterium is one which induces a specific disease recognized 
by more or less well marked and characteristic sjTnptoms during life, by 
more or less definite lesions found after death, or by both Pathogenic 
bacteria are always capable of growth in the animal body, m which they 
multiply and elaborate their specific toxms All pathogenic germs are 
toxicogemc, but it does not follow that all toxicogenic bacteria are patho- 
genic A toxicogenic microoiganism is one which is capable of producmg 
a poison or poisons A toxicogenic germ may or may not be capable of 
growth m the animal body It may multiply m milk or some other article 
of food before its intioduction mto the body, and may m this menstruum 
elaborate more or less powerful poisons ” ^ 

The substances resultmg from bacterial activity may be conveniently 
grouped as ptomains and toxms Vaughan and Novy define a ptomam as 
“an organic chemical compound, basic m character, and formed by the 
action of bacteria on nitrogenous matter ” These substances are also 
called putrefactive alkaloids Kobert had applied the term “ptomatm” 
which he considers to be etymologically preferable The ptomains are to 
be regarded as “extracellular products of bacterial activity They do not 

^Vaughan and Novy, Cellular Toxins or the Chemical Factors in the Causation of 
Disease, 1902 To this vork without further reference, I acknowledge my indebt- 
edncbS for much that is contained m the follov ing pages devoted to a description 
of the bacterial products 
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ongmate witliin the bacterial cell and therefore aie not to be looked upon 
as direct metabolic products of the cell protoplasm but rather as secondaiy 
cleavage products ” They are formed almost exclusively outside the living 
body and therefore play but a small part m producing pathological con- 
ditions When however they are mgested with food, they cause an acute, 
severe and frequently fatal intoxication With meat poisonmg oi botulism us 
is associated especially B botuhnus Van Erniengen has shown that the 
toxic substance of tins organism is almost as powerful as that of the tetanus 
bacillus Kaensche’s researches show that at least three different bacilli 
may produce toxic substances m decomposing meat Many of the ptomams 
resemble certam vegetable alkaloids m either their chemical or physiological 
reactions Some may be obtamed from a variety of decomposmg substances, 
irrespective of the type of organisms present Others appeal to be asso- 
ciated with the growth of certam organisms, as cadaverin with the genus 
vibrio, tetanotoxin, spasmotoxin and tetanm (Briegei) with the B iciani, 
the poison of cheese (tyrotoxicon) with members of the colon group 
(Vaughan) and pyocyanm with the B pyocyaneus 

The toxins, unlike the ptomams, are the result of synthetical piocesses 
occurrmg within the bacterial cell They are all, probably, proteid sub- 
stances and may be divided mto toxins, toxalbumms and bacterioprotems 
Toxins and toxalbumms are soluble, the former of unloiown chemical com- 
position, the latter partaking of the chemical nature of albumins The 
bacterioprotems are the proteid elements of the bacterial cell Here, how- 
ever, the term toxin will be used in a general way to indicate the toxic 
products of bacteria without regard to their chemistry or their powei to stimu- 
late the formation of an antitoxm It is customary to distinguish between 
extra- and intracellular toxms By the former we mean those soluble chem- 
ical substances which are found m the filtrate of the fluid in which the 
bacilli have grown and which lepresent the result of synthetical processes m 
the cell To this group belong especially the toxms of the diphtheria and 
tetanus bacilli Some organisms however yield a toxic substance only 
upon the disintegration of the bacterial cell These are known as mtra- 
cellular toxms or endotoxins and to this group belong the majority'^ A 
distinction is sometimes made between specific and non-specific toxms The 
tetanus toxin, for example, which is peculiar to the organism wduch gener- 
ates it and has an affinity for the motor neurones, is said to be specific, 
wlule a toxin which is similar m nature and action to the products of a 
number of other organisms is non-specific 

In the followung paragraphs our knowledge of the more important bac- 
terial poisons is summarized 

Staphylococcus Pyogenes Awciis — ^Filtered products of this oiganism 
have little toxic effect, the poison bemg an intracellular one Leber in 
1884 induced suppuiation by injectmg boiled cultures of the Staphylococcus 
pyogenes auieus and later prepared from the same organism an alcoholic 
extract also pyogenetic From various bacteria (mcludmg S pyogenes 
aureus and B pyocyaneus) Buchner obtamed proteids w Inch w ere pj'ogen- 
etic, exerted a positive chemotoxis upon leukoc^des, and caused, when 
mjected mto a vein, a general leukocytosis The mjection of a a ery small 
amount of this proteid beneath the skin of the forearm produced a tiqiical 
erysipelatous inflammation about the site of inoculation with miohement 
of the lymphatics Mannotti w orkmg w ith sterilized pus and dead cultures 
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of the Staphylococcus pyogenes aniens has produced, by repeated injections, 
a grave form of chronic intoxication and marasmus, analogous to that 
observed m man as the result of chionic suppuration Van de Velde has 
observed that the staphylococcus produces a substance which rapidly 
destroys leukocjdes and to which the name leukocidm is applied An 
hiemolysm produced by this organism and knoivTi as staphylolysm has been 
thoroughly studied by Neisser and Wechsberg The work of Ribbert with 
dead cultures of the staphylococcus and of Neisser and Wechsberg with 
staphylotoxin indicate the grave lesions which may be produced m the 
kidney by the products of this oiganism Chronic renal changes have been 
described by Morse 

Mwwcoccus Gonoiih(E(E — ^The gonotoxm has been studied by Chiistmas, 
Nikolaysen and Wasserman Cultures destroyed by heat are as virulent 
to the lowei animals as are the living cultures The poison is an intracellular 
toxm Subcutaneous mjections m animals cause local mduration and 
necrosis, large doses lead to chronic marasmus and death Intra-ocular 
mjections produce hypopyon and occasionally complete loss of the eye 
Wasserman injected 0 1 cc beneath the skin of his arm A local reaction 
with light chills, slight rise m temperature, headache and pams m the jomts 
followed Gonotoxm introduced mto the healthy urethra of man produces 
suppuration 

B Tetam — The tetanus toxm is readily produced by growmg the organism 
m bouillon and is the most powerful of the bacterial poisons The recent 
work of Ehrlich and of Madsen has shown that the tetanus bacillus produces 
two distinct bodies, tetanospasmm which has an affinity for the nerve cells 
and tetanolysm which causes a solution of the red blood corpuscles Each 
of these bodies has its own specific antitoxin 

Tetanus toxin produces its characteristic symptoms only when introduced 
mto the circulation While it is usually possible to demonstrate the presence 
of the toxm m the blood of the general circulation, it is found m largest 
amount m the central nervous system, for the cells of which, it has a special 
affinity as first shown by Bruschettini and Donitz The experiments of 
Wasserman and Takaki not only support this view but show that the toxm 
unites in wtro with the nerve cells to form a compound, which, when injected 
mto susceptible animals, is without toxic efi^ect Donitz has produced in 
animals by the mjection of minute doses of tetanus toxm a fatal marasmus 
without tetanic symptoms 

B Diphthence — ^The diphtheria toxm is the type of soluble extracellular 
toxm It IS readily obtained by filtering bouillon m which the diphtheria 
bacillus has been allowed to grow for several weeks The toxm has also been 
extracted from fragments of diphtheritic membrane It is very powerful 
m its lethal action, 0 0005 cc killing aguinea-pig of 300 grams The experi- 
mental lesions observed m animals consist of oedema at the point of mocu- 
Idtion, serous exudate in the plural and peritoneal cavities, fatty changes m 
the liver and kidneys and usually hypersemia of the adrenals In animals 
which do not succumb in a short time, paralysis, especially of the extiemities, 
may dei elop The diphtheria toxm has been more extensively studied than 
any other of the bacterial poisons, especially by Ehrlich and his pupils, 
who ascribe to it a complex constitution 

B Tuberculosis — ^The toxic principles of this oiganism are contained m 
tuberculm, a crude substance obtamed from large quantities of the bacilh 
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grown on the surface of glycerine bouillon and after concentration filtered 
through a Pasteui-Chamberland filter Injected into normal animals it 
produces little or no effect, but m either man or animals affected by tuber- 
culosis it produces the febrile reaction and local tissue changes well knowm 
as the tuberculin reaction The local reaction consists of hyperiemia and 
exudation from the vessels and a disintegration of the cells of the tuberculous 
focus The products of this dismtegration cause, it is supposed, the febrile 
reaction Concerning the systemic action of the toxm formed m the course 
of the disease we have little knowledge 

B Mallei — From cultures of the bacillus of glanders may be obtained 
a substance, mallein, which has the same relation to this disease that 
tuberculin has to tuberculosis 

B Typhosus — ^The toxin of this bacillus belongs to the group of intra- 
cellular poisons Pfeiffer and Rolle by disintegrating large quantities of the 
bacilli grown on agar were able to procure a substance fatal to guinea-pigs 
m dose of 4 mg per 100 grams of body weight With this substance animals 
could be immunized against typhoid fever The ptomam previously isolated 
by Brieger, and named by him typhotoxm, has been shown not to be the 
essential toxic principle 

Streptococcus Pyogenes — Simon in a review of the streptococcus toxins 
came to the conclusion that outside of the livmg body these bacteria produce 
no soluble toxm and only an exceedmgly weak and uncertain intracellular 
toxin The mild toxic substance which he produced by growing strepto- 
cocci in bouillon containing pleural leukocytic exudate was not analogous to 
other known toxins MacFadyan and Rowland, by grinding streptococci 
frozen by liquid air, extracted with salt solution a toxic substance, one-tenth 
cubic centimeter of which killed a gumea-pig in six hours A hcemolytic 
substance (streptocolysin) has been studied by Besredka, Simon and Rue- 
diger The latter, who has recently reviewed the mechanism of streptococcus 
mfection, offers evidence that the streptococcus produces a substance toxic 
for leukocytes, and on the other hand that phagocytosis is the most important 
process by which the body combats streptococcus mfections 

B Coll — ^Vaughan and Cooley from large quantities of colon bacilli have 
extracted an intracellular toxin 0 0002 grams of which will kill a 200 gram 
gumea-pig 

Of the toxins of other bacteria, despite the enormous amount of work 
which has been done, we have little accurate Icnov ledge No organism, 
with the exception perhaps of the diphtheria and tetanus bacilli, has been so 
thoroughly investigated as the anthrax bacillus, yet Conradi, after exhausting 
all IvnovTi methods, was unable to show that this organism forms either an 
extra- or intracellular poison Recently, however, J Walter Vaughan has 
shown that an intracellular poison may be isolated hlany organisms w Inch 
produce clinically a well-marked toxiemia do not readily yield toxins by ordi- 
nary laboratory methods The newer methods described by Conradi, 
Brieger and Mayer, and Neisser and Shiga of obtaining toxins by autolj sis 
and MacFadyan’s methods of mechanical disint^^gration offer promise of 
greater success m the near future 

Already Vaughan and his associates have thrown much light on the intra- 
cellular toxins of not only pathogenic organisms but also of some supposed 
to be non-pathogenic By grownng bactena on solid media in large tanks 
they have been able to procure the cell substance m quantities sufficient to 
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enable them to study its constitution The colon bacillus, the bacilli of diph- 
theria and anthrax, the B pyocyanetis, the Mwrococcus prodigiosus and 
several sarcmte have been studied m this way The cell substance of each 
was found to be moie or less toxic to guinea-pigs and rabbits As the result 
of an extensive study of the chemistry of the colon bacillus Vaughan reaches 
the followmg conclusions which, he believes, may apply to all bacteria 

1 The colon bacillus m its essential part is a chemical compound as 
truly as sodium sulphate or phenylhydiazin 

2 The colon molecule contams the followmg groups nuclein, amido, 
diamido, monoamido, carbohydrate, toxic, haemolytic, and haemoglohin- 
sphtting groups There may be, and probably are, many other groups 

3 That these groups are chemically combined in the cell is mdicated by 
the fact that they are not extracted by agents actmg physically as solvents, 
but are separated only by those agents which split up molecules 

Considerable interest has been added to the study of the metabolic pro- 
ducts of bacteria by the observations of Ehrlich and Madsen that some 
organisms produce an luemolysm There is considerable evidence however, 
of which the most important is that presented by Jordan and Williamson, 
that the hjemolysis produced by bacterial filtrates is to be explained by 
<the presence of an alkali elaborated in the growth of the organism Of 
all the bacterial hiemolysms which have been described the only one which 
produces an evident destruction of the blood in the living animal is the B 
megatemm Several mvestigators have also described hsemagglutmms of 
bacterial origin 

Septicffimia and Pyasmia — As pysemia depends on an antecedent septi- 
ciemia, the etiology of these two conditions may be considered in common 
The septicaemias may be divided mto those followmg a definite local infec- 
tion and those developing m the absence of a recognizable portal of infec- 
tion In the first group we have the general invasion of the blood from 
such lesions as pneumonia, typhoid fever, diphtheria, gonorrhoea, anthrax, 
puerperal fever and various suppurations The septicaemia under such cir- 
cumstances may be due to the organism causing the primary lesion, as a 
pneumococcaemia in association with lobar pneumonia, or it may be due 
to a secondary invasion, as a streptococciemia in diphtheria The latter 
type is not mfrequent m diphtheria, scarlet fevei, smallpox, and tuberculosis 
The organisms which have been found m septicEemias of unknoiim origin 
are, m the order of the frequency of their occurrence, the streptococcus, the 
staphylococcus, the pneumococcus, the tjqihoid bacillus, the colon bacillus 
and the B pyocyaneus 

Of supreme importance m the study of septicsemia has been the determina- 
tion of the organisms capable of producing a general infection The early 
V ork concerning the relation of local suppuration to septicsemia and pyjsmia 
contams many references to bacteriological examinations In some mstances 
this included only a determination of the organism in the local lesions, 
vhile in others an attempt was made to correlate the findings in the primary 
infection and m the secondary pysemic foci Although this is of importance, 
as is also the data obtained by the routine bacteriological examination of the 
blood and organs at autopsy, the greatest progress has been made as the 
result of the examination of the blood during life 

An exhausti\e consideration of the bacteriology of the septicaemias, 
especially of those forms occurrmg m surgical and obstetrical practice, 
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would be too bulky for the present discussion ^ The relation of the strep- 
tococcus, the Staphylococcus aureus and less frequently the pneumococcus 
and colon bacillus to these has been definitely established Cabot (1904) 
has summarized a score of the more important investigations covering con- 
ditions usually termed “septic” by the surgeon or obstetiician and including 
endocarditis and suppurative arthritis He finds a total of 316 exammations 
with positive results in 107, or 33 per cent 

The bacteriEemias occurring m medical practice however deserve special 
consideration A clinical rather than a bacteriological classification offers 
the best basis for discussing these 

Pneumonia — ^That a pneumococciemia, analogous to the similar condition 
produced m animals experimentally, may occur quite constantly has been 
demonstrated in a very extensive series of investigations of the blood Ev mg 
in 1902 summarized twelve of the more important studies These gave a 
total of 348 cases, in 160 of which the pneumococcus was isolated from the 
blood Of these 160 cases, 64 ended fatally, while of the 188 m which 
the blood cultures were sterile, 37 died Simon states that blood cultures 
give positive results in 50 per cent of the fatal cases Boulay considers the 
organisms isolated but a few hours before death to be the result of ante- 
mortem (agonal) invasion Prochaska, who found the pneumococcus m all 
of 50 cases exammed, believes the invasion to be a constant condition m 
pneumonia, as does Rosenow who obtained positive results in 77 of 83 cases 
m which the blood was taken at all stages of the disease Pearce m a study 
of 118 cases of lobar pneumonia at autopsy found the pneumococcus m the 
hearts’ blood, liver, spleen or kidney m a little less than one-half of the 
cases 

Pneumococciemia without distinct localizations has been reported by 
Wnght and Stokes, Pearce, Flexner, Hektoen and others This is not an 
unusual form of terminal infection In connection with bronchopneumonia, 
general infection with the pneumococcus, the streptococcus, the Staphylo- 
coccus pyogenes aureus or Friedlander’s bacillus may occur 

Influenza — Pfeiffer has found the B influenza: m the spleen, and Canon 
in the blood, of persons with mfluenza, while Jehle had found it in the 
blood m various of the acute mfectious diseases of children (diphtheria, 
scarlet fever, measles, and varicella) Austm describes 3 cases of endo- 
carditis m which a bacillus resembling that of mfluenza was found m films 
prepared from the vegetations, it was not obtained m cultures That in 
these cases a true septicfemia existed is supported by the investigation of 
Slawyk and Pfuhl On the other hand Pfeiffer and Kruse deny the identity 
of some of the organisms isolated by others, and Kulmau reports negative 
results in 12 cases 

Diphthena — ^The diphtheria bacillus for a time was supposed to cause 
a pure toxsemia without systemic bacterial mvasion Frosch, in 1893, first 
demonstrated the escape of the bacilli into the blood and tissues and his 
observations were quickly confirmed by Wnght, Kanthack and Stephens, 
Nowak, Pearce and others Councilman, Mallory and Pearce in a study of 
220 fatal cases of diphtheria, found the diphtheria bacillus m the blood or 
mtemal organs in 36 of 59 cases of diphtheria complicated b} scarlet fci er or 

'For the general literature of this subject see Kuhnau, Zeitschr f Hygiene u 
InfcUionsL , 1897, xxv, 492, Kahlden, loc cit , Rosenberger, Proceedings of the 
Philadelphia Pathological Society, 1903, i ol vi, 157 
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measles, and in S3 of 161 cases of diphtheria only In but a small proportion 
did it oceur in pure cultures The associated organisms m ere the strepto- 
coccus, the Siaphylococciis pyogenes aweiis and the pneumococeus All 
inAestigators agree that the most frequent form of general infection in diph- 
theria IS streptococciemia The possibility of the B diphthenw produeing 
p-Viemia is suggested by Howard’s case of endocarditis and a few other 
instances of secondary suppuration due to this organism The pyaemia of 
diphtheria is how ever as a rule due to secondary mfection by cocci As far 
as biovn to the writer, Neisser alone has cultivated the B d%phtlien(B from 
the blood during life 

Seal let Fever — So constant is the presence of the streptococcus m scarlet 
fe\ er that some inv estigators believe it to be the cause of the disease While, 
howe\er, definite evidence of an etiological relation is lacking, it is found to 
be the most frequent form of general infection and the cause of the great 
majonty of secondary inflammatory complications For example, m fatal 
cases Babes found it in the blood or internal organs in 17 cases, Pearce m 
11 of 23 cases, Baginsky and Sommerfeld m all of 82 cases, Slaw'yk in 45 of 
68 cases The isolation of the streptococcus from the blood during life has 
been thoroughly studied by Hektoen, wdio gives also the most satisfactory 
opinion concerning the streptococciemia of scarlet fever Although most 
obsen ers have had indifferent success in cultivating the organism from the 
blood, Hektoen obtained positne results m 15 of 100 cases Our present 
attitude concerning the streptococcus and scarlet fever may best be ex- 
pressed m Hektoen’s conclusions 

“The conclusions that suggest themselves from this wmrk so far as scar- 
latinal streptococciemia is concerned are that streptococci occasionally may 
be found in the blood of cases of scarlet fever that run a short, mild and un- 
complicated clinical course, that streptococci occur with relatively greater 
frequency in the more severe and protracted cases of scarlet fever m wdiich 
there also may develop local complications and clinical signs of general in- 
fection, such as lomt inflammations, but even m the grave cases of this kmd 
spontaneous recovery may take place, and finally, that streptococciemia 
may not be demonstrable in fatal cases of scarlet fever The theory that 
scarlet fever is a streptococcus disease does not seem to receive any direct 
support from this wmrk ’’ 

General invasion by the staphylococcus, the pneumococcus and the 
bacillus of mfluenza may also occur in scarlet fe^er The occurrence of the 
latter in larious acute diseases of children has been emphasized by Jehle, 
while the first and second have not mfrequently been described These 
forms of septicaemia, how ever, arc not so peculiarly associated wnth the dis- 
ease as IS that due to the streptococcus 

Smallpox — ^To this disease the streptococcus bears the same relation as 
it does to scarlet feier It is the usual cause of the secondary mflammatory 
complication and \er> commonly of a general infection Ewung found the 
streptococcus m the heart blood of all of 29 cases of smallpox, wdiile Per- 
kins and Pa> ciiltnated it from the various organs in 38 of 40 fatal cases 
and from the blood m 1 1 of 20 cases during life or shortly after death 

Gonorrhwa While m the vast majonty of cases gonorrhoea remains a 
disease of mucous membranes, we find occasionally a true gonococciemia 
riiese cases are usually pyiemic in a strict sense, as they exhibit secondary 
inflammatory lesions, as endocarditis, phlebitis, synovitis or arthritis 



TOXEMIA, SEPTIcmUA AND PYEMIA 


657 


The most complete study of this condition has been made by Thayer, who, 
working with Blumer (1895), first demonstrated the relation of the gono- 
coccus to endocarditis and cultivated the organism from the blood durmg 
life, later with Lazear, he reported a second case To these Lartigau in 
1901 added another and four other cases are noted by Rosenberger (1903), 
while not a few cases have recently been reported by French and German 
mvestigatois 

Acute Endocarditis — ^While a primary simple endocarditis is still recog- 
nized, it IS probable that this, like the malignant form, is the result of a 
bacteritemia The mfection can be explained only by assuming that 
microorganisms reach the endocardium through the blood stream Whether 
the mfection results from an advanced septicaemia or fiom a few stray 
organisms, the lesion of the valve affords a nidus favorable to he continuance 
of the general mfection or capable of causing its exacerbation W'^e may 
conclude therefore that the presence of an organism in an endocarditis is 
evidence of its power to produce a septicaemia The forms usually found 
are the streptococcus, the staphylococcus, the pneumococcus, and the 
gonococcus, occasionally the B typhosus, B coli, B diphtherice, B tubci- 
cidosis, B influenza;, B pyocyaneus and the meningococcus 

Typhoid Fever and Paratyphoid Injection — Previous to the observa- 
tions of Kuhnau, m 1897, typhoid fever was supposed to be a true toxaemia 
but he, by diluting the blood with large quantities of bouillon and making 
many plates, was able to obtain the organism from 11 of 41 cases examined 
The collected cases, now numbering over 600, indicate that in typhoid fever 
a bacillaemia exists m about four-fifths of the cases Corroborative evidence 
of the frequency of this condition is shown by the fact that bacilli are found 
in the rose spots m about the same proportion 

Of special interest are those cases of typhoid septiciemia m which no 
intestinal lesions exist Such cases present a typical clmical history, a 
positive Widal reaction, and the bacilli may be cultivated from the blood 
The importance of this condition was first emphasized by Chian and Kraus, 
and later m this country, by Flexner In these cases special local lesions 
may occur m other organs than the intestine, as the lung or cerebral meninges 
Whether such localizations are to be considered as secondary to the septi- 
caemia and therefore pysemic m character is not clear 

Through the application of more exact bacteriological methods and 
especially of comparative agglutinative tests we now recognize a group of 
bacteria resembling the B typhosus and causmg a clmical picture similar to 
that of typhoid but without the local lesions and known as “paratyphoid 
fever ” In many instances these organisms have been isolated from the 
blood 

Post-typhoid septicaemia and pyaemia are usually due to a secondary m- 
vasion of pyogenic cocci, especially the streptococcus, the staphylococcus 
and the pneumococcus The secondary suppuration may occasionally be 
due to the typhoid bacillus, but the damage is usually caused by cocci 

Tuherculosis — ^IVhile our knowledge of the dissemination of tubercu- 
losis withm the body affords evidence of the occasional escape of a few 
bacilli from the local lesions into the blood, it is only m the acute miliary 
form of the disease that we have a true septicaemia Indeed m this disease 
with its local lesion, a bacteriaemia and a secondary eruption of tubercles, 
we have the same mfection-mechanism as m ordinary pyscmia, the only 
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difference lies m the histology of the lesions, one being as a rule a prolif- 
erative, the other an exudative process In acute miliary tuberculosis, 
tubercle bacilli may occasionally be found m laked and centrifuged blood or 
m the digested clot, the search, however, is most tedious and of doubtful 
utility Accordmg to Liebmann the bacilli are found most frequently 
twenty-four hours after the injection of tubeiculm He claims to have 
found them under such circumstances m 56 of 141 cases The latei nega- 
tive results of Guttman and of Kossel, howev'er, suggest the possibility of 
contamination The generally negative results obtained by inoculating 
animals with the blood of the tuberculous do not encourage these exami- 
nations 

Of great importance, from the clinical pomt of view, are the various 
forms of mixed mfection which may occur m tlie late stages of the disease, 
especially in pulmonary tuberculosis with extensive ulceration The 
toxiemia or bacteniemia thus produced may cause exceedingly confusing 
symptoms Sata, who has studied these mixed infections thoroughly, states 
that the organisms most frequently found are the Streptococcus pyogenes, 
Stapliylococcxis pyogenes aureus, Dtplococcus pneumomoe, and the pneumo- 
bacillus and allied capsulated organisms 

Aciite Articular Rheumatism — ^Frequently the clmical picture of this 
affection closely resembles that of a septicaemia, and the isolation of micro- 
organisms offers some support of such a view Streptococci, staphylo- 
cocci and various bacilli, some of the colon type, and others anaerobic and 
bearing spores, have been found The more recent and critical publica- 
tions on the subject are those of Beattie, Lewis and Longcope, and Cole 
The bacilli are found to have no constant relation to the disease and opmion 
varies as regards the cocci Beattie and others hold that the “Micrococcus 
rheumaticus” is distinct from the ordinary streptococcus and is the specific 
cause of the disease, m animals it causes articular and cardiac lesions and 
chorea In this he supports the opmion of Boynton and Paine, Wassermann 
and Myer, and others Smger considers the presence of the streptococcus 
to indicate that the disease is a form of septicajmia with pysemic manifes- 
tations Cole finds that the lesions produced by the “Micrococcus rheu- 
maticus” may be produced by streptococci from various sources 

Anthrax — In man the local lesion, malignant pustule, if not excised early, 
IS practically always followed by a fatal septicsemia Under such circum- 
stances the anthrax bacillus may occasionally be demonstrated m blood films 
or m cultures from the blood, a more satisfactory method, however, is the 
moculation of an animal with the blood 
Bubonic Plague — Bacilliemia occurs m this disease, accordmg to Atkin- 
son’s figures, m about 80 per cent of the cases Ewing found the bacilli in 
90 per cent of the cases near death, and earlier m the disease m 60 per cent 
Bacillus Pyocyaneus Injections — ^Under the term pyocyanic disease, or 
cv ano-pyiemia, are grouped a variety of infections, usually local, occasionally 
general, due to the B pyocyaneus As a rule the general mfection has been 
demonstrated bj bacteriological examinations after death, though at least 
one observ^er, Blum, has obtained the organism from the blood during life 
and has demonstrated its relation to endocarditis 
Hemorrhagic Septicccmia Due to Capsulated Bacilli — Howard has 
described a t>q)e of septiciemia characterized by hemoirhage into the skin, 
serous membranes, and various organs, m which capulated bacilli {Bacillus 
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mucosus capsulatiis group) are found eitliei alone or as the predommatmg 
organism ot a mixed mfeetion A bacillus (Priedlander’s) of this group has 
been isolated from the blood durmg life, usually m cases of bacillEemia asso- 
ciated TOth pneumonia, by Beco, Phillipi, and Boston The occurrence of 
true pyaemia due to Friedlander’s bacillus has been emphasized by Etienne 
Other organisms Avhicli have been obtained from the blood durmg life 
are the B mallei, B lepras, Dtplococcus inti acellularis meningitidis, 
B aerogenes capsidatus. Micrococcus zymogenes and Micrococcus tetragenus 
Terminal Injections — ^This term is applied to those secondary infections 
•which so frequently occur in incurable conditions, especially chronic dis- 
eases of the heart, liver and kidneys, and are the immediate cause of death 
Flexner has made an extensive study of such mfections In a series of 793 
autopsies he found 255 cases of chronic heart or kidney disease, m 213 of 
which either a local or a general infection or both existed, of these, 52 were 
examples of general infection In some the point of entrance of the bacteria 
was evident, m others it could not be demonstrated The organisms found 
were, m the order of their fiequency, 8ti eptococcus pyogenes. Micrococcus 
lanceolatus, the Staphylococcus pyogenes ameus, B aeiogenes capsidatus, 
B coll, Mici ococcus gonoi rlicecE , B anihracis, and B proteus Pearce m 
a study of pneumococcus mfections found bronchopneumonia, frequently 
accompanied by a general pneumococcus infection, to be a common cause 
of death m chronic renal and cardiac disease, and less frequently m leu- 
kiemia, general sarcomatosis and chronic tuberculosis “It is perhaps safe 
to say that the majority of cases of advanced arteriosclerosis and of Bright’s 
disease succumb to these mtercuirent infections” (Osier) The same holds 
true for many other chronic diseases Flexner, acting upon the supposition 
that the tendency to general mfeetion was due to a diminished bactericidal 
power of the blood, cairied out a series of investigations witli the blood serum 
of persons suffering fiom advanced chronic diseases and found it to be less 
destructive to the Staphylococcus pyogenes am eus than the serum of healthy 
individuals hlore recently Longcope has demonstrated that a decrease m 
the bacteriolytic complement of the blood occurs m such cases 

The Value of Bactenological Examination of the Blood — ^It is evident 
fiom the preceding summary that the bacteriological examination of the 
blood during life gives results not only of scientific importance but also of 
great value m diagnosis, prognosis and treatment Every clinician recog- 
nizes a group of diseases, with or without local lesions and etiologically 
independent, which present common symptoms characterized as “septic,” 
e g , endocarditis and general miliary tuberculosis These general symp- 
toms may be due to toxiemia but in many a bacteriEemia exists and an ex- 
amination of the blood may establish an etiological diagnosis For a 
rational study of serum therapy such a diagnosis is essential, as has been 
emphasized by Marmorek and Hektoen 

Some very striking examples of this form of diagnosis have been reported 
Perhaps the most important is the differentiation of typhoid-hke diseases 
and our recently acquired knowledge of paratjqihoid mfections Not a few 
cases of pneumococciemia, and other forms of bacterisemia, without local- 
ization, have been differentiated by blood cultures In typhoid fever, the 
bacilli occur m the blood so early that a positive diagnosis may be made by 
blood culture before the clinical picture is distinct and before a positive 
Widal can be obtamed. 
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Concerning the usual forms of general infection in surgical practice, 
Ewmg concludes as folloi\s "In the great majoiity of cases of local or 
general septic mfections, septicopyEcmia, septicsemia, pyiemia, diffuse sup- 
puration, osteomyelitis, etc , bacteria are present m the circulating blood 
onhj for short periods and at mpeqiient intervals, most frequently during 
chills A few hours before death from septic mfection, various bacteria, 
some of ■which ma} not be active m the origmal process, make their way into 
the arculation In a very moderate number of cases of septic mfection, 
especially those which are not attended by local abscess formation, the bac- 
terial agent may be isolated from the blood during the progress of the 
disease ” 

Cabot believes that the literature, which indicates positive results m 33 
per cent of the cases, gives altogether too favorable an impression of the 
value of blood cultures m sepsis This opinion is shared by DaCosta 

The Technique of the Bacteriological Examination of the Blood — ^The 
followmg description by Hektoen covers all important points 

“The best method to secure blood for bacteriological cultures is venous 
punctures under the most scrupulous asepsis Naturally, glass syringes 
are preferable to metallic because more easily sterilized and because trans- 
parent The skin must be scrubbed carefully and prepared as customary 
lor surgical operations By some it is regarded as sufficiently cleansmg to 
wash the area about the puncture with alcohol or ether In practically all 
cases one of the veins at the elbow, usually the median, is selected for the 
puncture, and a moderate constriction of the arm will distend them so that 
m most persons they are made clearly visible and palpable In fleshy 
persons it may be found impossible sometimes to make apparent m this way 
the location of vems, m which case it may be necessary to make the puncture 
more or less blindly The discomfort is insignificant, and when properly 
done with a sterile needle, it is v/ithout danger 

Various procedures ha''e been used to secure blood for bacteriological 
purposes, but real progress has followed only the use of venous puncture 
and its simplicity and certainty recommends it above all others Ordinary 
cutaneous puncture is quite worthless for bacteriological purposes because 
of the small amount of blood obtainable and especially on account of the 
frequency of contammation 

Immediately on withdrawal of the needle after fillmg the syringe suitable 
media should be inoculated with the blood before clotting takes place In 
most cases it will probably be deemed most advantageous to inoculate small 
quantities of the blood, e g ,lcc into large quantities of somehqmd medium 
hke bouillon, e g , 100 cc The mam reason for this dilution is the necessity 
to overcome, as far as possible, die natuial bactericidal properties of blood, 
at least for some bacteria In ordei to increase the chances for positive 
results the number of flaslvs inoculated may be multiplied to almost any 
practicable number Gonococci and other organisms require special 
methods 

To obtam some idea of the number of bacteria m the blood it will be nec- 
essary to employ the plate method This has been used with excellent 
results by Schottmuller m the study of typhoid fever He has found that 
the mixmg of 2 to 3 cc of blood with 6 cc of agar gives sufficient dilution 
In the plates thus made the number of colonies developing may be counted 
and the bacterial content of the blood estimated from time to tune 
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Anaerobic methods may be used when it is deemed advisable, but so far 
no extensive systematic studies of the blood seem to have been made by such 
methods Gwyn and Cole have isolated B acrogcnes capsulaius from the 
blood durmg life 

During the process of moculatmg flasks, or tubes of solid media, great 
care must be taken to prevent aerial contamination The mouth of the 
uncorked flask should be held m such a way that bacteria cannot fall into 
the medium It is to be remembered that one single coccus, for instance, is 
sufficient to cause contammation of a flask The most dangerous sources 
of contammation are the skin of the patient and the air Undoubtedly 
organisms sometimes are picked up from the deeper layers of the skm as the 
needle passes through In most instances the contaminatmg organisms 
will be found to be vulgar staphylococci and it will be a safe rule to place no 
significance on the development of growths of staphylococci, especially 
other than Staphylococcus pyogenes aureus, m cultures from the blood, 
except under very special conditions From time to time the finding of 
ordmary staphylococci in blood cultures have led to the misleadmg announce- 
ment that the cause of certam diseases of unknown etiology has been dis- 
covered 

The inoculated flasks are then placed m the meubator for twenty-four to 
forty-eight hours, when they are examined for turbidity and other evidences 
of bacterial growth When the bouillon remains sterile the blood corpuscles 
fall to the bottom mtact, the supernatant fluid becommg clear, or nearly 
so In the case of streptococci a frequent early evidence of growth is diffu- 
sion of hsemoglobm, i e , laking of the blood owing to the development of a 
special haemolytic substance produced by streptococci This substance has 
been studied especially by Besredka, and is called by him streptocolysm 
Ordmary bouillon is sufficiently isotorlic with human red corpuscles, so that 
they may remain quite mtact m it for days m the absence of bacteria In 
case litmus milk has been used as the medium, the growth of pneumococci, 
for example, may be signalized by redness and coagulation Typhoid bacilli 
usually cause a diffuse turbidity of bouillon m twenty-four to forty-eight 
hours In order to secure easily sufficient material for microscopic exam- 
ination and for subcultures from flasks of blood cultures the use of long 
sterile pipettes is very convenient Durmg these manipulations there is 
always danger of accidental contammation unless great care is used 

The bacteriological exammation of the blood durmg life requires at least 
ordinary, careful bacteriological training and fairly complete laboratory 
facilities There is nothing about the method that necessitates any extraordi- 
nary skill, the most important part is conscientious regard for fundamental 
bacteriological prmciples, so as to escape contammation and erroneous con- 
clusions ” 

Pathology — Toxaemia and Septicaemia — With any given organism the 
general pathological pictuie is the same whether that organism produces 
a toxaemia or a septicaemia, for the lesions m either condition aie due to the 
dissemmation of the soluble chemical substances elaborated by the infecting 
microorganisms and it matters little whether the latter remain m a localized 
lesion or circulate freely m the blood It is therefore impossible to distin- 
guish, except perhaps m degree, between the lesions due to septicaemia and 
those due to toxaemia The character of these lesions varies, hoveier, 
accordmg to the character of the infecting organism As the bactenal 
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products are soluble and by means of tlie blood and lymph circulations 
reach all parts of the body, so are the changes caused by them, as a lule, 
equally widespread On the other hand some toxins exhibit an affinity 
for certam types of cells, as the tetanus toxin for those of the central nervous 
system, or they have a definite relation to ceitam cells, a"- that of the toxin 
of typhoid bacillus to endothelial cells It is theieforc possible to distinguish 
to some extent between the geneial effeets produced m common by most 
toxins and the special, often specific, action of any given toxm 

The theory that bacteria may mechanically produce local disturbances 
has gradually lost its foice as the result of a more thorough loiowledge of 
the bacterial products and the mechanism of intoxication The B anth a- 
cis, 11111011, because its toxm could not readily be demonstrated, was long 
supposed to have a meehanical action, has recently been found by Vaughan 
to possess an intracellular toxin It is doubtful if any of the pathogenic 
microorganisms are devoid of the power of producing toxic substances 
The thrombi of i iicroorganisms, long considered as a manifestation of 
mechanical action, are to be regarded as the result of a multiplication occui- 
nng after, or perhaps during, the few hours precedmg, death Such thrombi 
are without associated lesions and aie seldom found either after experimental 
inoculation or m man when the autopsy is made immediately after death, 
secondary suppuration about such thrombi tiansfers the condition to the 
group of pysemias 

Gross Changes — ^The bodies of those dying from severe septicaemia 
present little or no rigor mortis, the rigidity comes on early and soon dis- 
appears Decomposition begins early and advances rapidly In infection 
with gas-forming organisms local or geneial emphysematous infiltration may 
be present The blood does not clot readily and discoloration of dependent 
parts is usually v ell marked The lining of the heart, larger vessels, and the 
serous cavities, may be stained by luemoglobm, and occasionally the fluids 
of the pericardium and other cavities may also be discolored from a similar 
cause Small petechial hemorrhages may occasionally be seen beneath the 
skm, the serous membianes, especially pleura oi pericardium, and less fie- 
qiiently ii itliin the substance of vaiious organs In the mtestme, hypiemia 
w itli either petechial oi diftuse hemorrhage, may occur The minute hemor- 
rhages m these locations are more frequently foimd in pysemia and are sup- 
posed to lepiesent extravasation about minute emboli, they are especially 
associated vitli malignant endocarditis In some cases, however, distmct 
changes m the vessel wall are found (Howaid) and it is possible that these 
may be due to an endotheholytic substance of bacterial origin Occasionally 
the hemorrhages are so numcr'^iis as to justify tl e term hemorrhagic septi- 
caimia Se\ eral attempts have been made to demonstrate bacteria in direct 
relation to those lesions, but the results arc coiitiadictory 

The spleen, in most cases, is more oi less swollen, deeply congested and of 
lessened consistence, and at times seniidiffluent The capsule in acute 
cases is tense and on mcision retracts, allov ing the softened dark-red pulp 
to protrude On section the hlalpighian bodies are more or less obscured by 
the increase of pulp and occasionally cannot be recognized In other cases 
although the organ is sv ollen, its substance is quite firm, and the Malpighian 
bodies appear as greatly enlarged grayish bodies If seen aftei the height 
of the process the spleen may be soft and lax with a wrinkled capsule, the 
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lesult of volume lost m the subsidence of the congestion and the diminution 
of the pulp 

The heart, liver and ladneys present the characteristic appearance due to 
cloudy swellmg and fatty tiansfoimation, though this appearance is often 
obscured by an mtense congestion GEdema of the kidney is not unusual 
and small hemorrhages may be present m all these organs True hemor- 
rhagic nephritis is a rare complication The lymph nodes are usually swollen, 
congested and oedematous Congestion and oedema of the lung, with or 
without bronchitis, is quite constant, and not mfrequently irregular areas of 
lax pneumonia are found 

In those cases — ^the so-called cryptogenetic infections — ^m which a local 
lesion was not discovered during life it may be found at autopsy m the genito- 
urmary, gastro-intestmal or respiratory systems, or perhaps m an mflamma- 
tion of the middle ear or m an obscure bone lesion , on the other hand no 
portal of entry may be discovered 

Histology — ^This includes a study of the lesions observed m man and of 
the experimental intoxications in animals The conclusions herein given 
are based prmcipally upon Flexner’s study of toxalbumm intoxications, the 
studies by Councilman, Mallory and Pearce of diphtheria, Mallory’s investi- 
gation of typhoid fever, and the studies by Hom6n and his associates of 
streptococcus infection 

The lesions of which we Icnow the most are those of diphtheria, because 
the changes can be studied, not only m the human individual suffering fiom 
the disease but also in animals by utilizmg the very definite toxin of diph- 
theria The first complete study of the general lesions m diphtheria was 
made by Oertel who demonstrated that the most constant and widespread 
lesion IS a hyperplasia of certam cellular elements, followed later by focal 
areas of neciosis This is best seen m the spleen and lymph nodes The 
cells which proliferate are as a rule endothelial and have those character- 
istics best described by the term epithelioid These cells possess a low 
grade of phagoeytic power 

Councilman, Mallory and Pearce have shown that the distinctive lesions 
of diphtheiia are the result of proliferation, phagocytosis and degeneration 
The proliferation of the endothelial cells gives rise to an accumulation of 
cells not unlike the epithelioid cells of tubercle These engulf and destroy 
the lymphoid cells, thus explammg m part the nuclear fragmentation which 
in part, also, is due to necrosis of the large cells themselves These lesions 
are due solely to the toxic substance brought to the lymph node These 
investigators emphasize also the presence of large numbers of plasma cells 
m the spleen 

All toxms have moie or less powei to produce degenerative lesions as 
eloudy swelling or fatty metamorphosis m the livei, small hemorrhages 
and infiltration of lymphoid cells are also not infrequent In diphtheria 
and typhoid fever, and less frequently m scarlet fever, minute necroses 
usually spoken of as focal necrosis may occur These necroses both Flexner 
and Reed, as the lesult of experimental investigations, consider to be due to 
the direct action of toxic substances Mallory, on the other hand, explains 
them by the formation of- small emboli of endothelial cells Flexner pre- 
supposes an m]ury to the wall of the vessel allowing transudation to take 
place Couneilman, Mallory and Pearce describe two forms of necrosis m 
diphtheria, one about the central vem, and the other m the form of dissemi- 
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nated nodules They are mclined to regard both as due to capillary obstruc- 
tion plus the action of a toxic substance 

The heart in all forms of intoxication, is the scat of cloudy swelling or 
fatty change In some diseases, however, as diphtheria, hyalme degenera- 
tion with vacuolization of the fibers and changes in the interstitial tissue 
are not mfrequent The interstitial changes may consist of a focal accumula- 
tion of plasma and lymphoid cells, thus constitutmga true acute mterstitial 
myocaiditis which may occur mdependently of degenerative changes in the 
muscles, or, on the other hand, of a true proliferation of the connective 
tissue elements secondary to degeneration of the muscle and therefore 
analogous to fibrous myocarditis From the work of Thomas it is evident 
also that the heart lesions, m diphtheria at least, may be due to a fatty 
degeneration of the peripheral nerves The heart in typhoid fever, scarlet 
fever and diphtheria has been thoroughly studied by Romberg, w'ho empha- 
sizes the frequency of mterstitial changes, especially in diphtheria He 
believes many of the cases of fibrous myocarditis to be the result of such an 
interstitial condition occurring m the course of acute infectious diseases 
Romberg has also described m connection with the nerves of the heart a 
round cell mfiltration of the connective tissue sheaths 

The kidneys, like the heart and liver, are commonly the seat of cloudy 
swellmg or fatty transformation These changes are most evident in the 
cells of the convoluted tubules which may also occasionally undergo hyalme 
degeneration In other cases exudative and hemorrhagic lesions, involvmg 
especially the glomeruli, may be found, or an irregular infiltration of the 
interstitial tissue with lymphoid and plasma cells This last lesion has been 
especially described by Councilman m connection with diphtheria, and its 
occurrence m scarlet fever has been noted by Pearce In scarlet fever, and 
less frequently in pneumonia, proliferative changes m the glomeruli may 
occur These may involve the cells of the capillary tuft (capillary glomer- 
uhtis) or the cells Immg the capsule of Bowman (capsular glomeruhtis) 
Hyalme thrombi may be found m a variety of mtoxications m the capillaries 
of the glomeruli 

The most comprehensive study of the lesions due to the streptococcus 
toxin IS that by Homen and his pupils In the nervous system was found a 
diffuse granular degeneration followed by slight necrosis and the immigration 
of leukocytes Proliferation of the endoneunum and of the nerve sheaths 
w'as also evident The lesion in the liver consisted of degenerative changes 
w ith small areas of necrosis and a tendency to the formation of connective 
tissue The lungs showed a low^ grade of desquamation of alveolar epithe- 
lium, exudation of serum and immigration of leukocytes, a continued 
admmistration of toxm caused the formation of connective tissue The 
early changes in the heart muscle were those of parenchymatous degenera- 
tion, m the latter stages, interstitial changes were sometimes seen The 
kidnejs showed parenchymatous changes but no nephritis or cell accumula- 
tions In the course of their investigations they observed that the strepto- 
coccus stimulated the phagocytic pow ers of the leukocytes and endothelial 
cells This phagocytosis in streptococcus infection has recently been 
emphasized by Ruediger 

All toxic substances act upon the individual cell The character of the 
change in the cell depends upon the nature of the toxic agent and upon the 
resistance of the cell The lesions produced by toxins have been very w'ell 
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summarized by Mallory as follows “The effects which injurious agents, 
especially the toxins, secreted by bactena, produce on tissues are manifested 
in four different ways (1) by degeneration or necrosis of cells, (2) by 
exudation from the bloodvessels, (3) by proliferation of cells, (4) by 
phagocytosis ” Mallory believes that strong toxins eause degeneration or 
necrosis of cells, and exudation, while dilute and weak toxins produce 
proliferation and phagocytosis As types of the first group he cites the 
toxin of the Staphylococcus pyogenes aweus and that of the Bacillus dipli- 
therice, the best example of the second group is that of the Bacillus typhosus 
Strong toxins, however, can produce the same processes of proliferation and 
phagocytosis when sufficiently dilute This is illustiated perfectly by com- 
paring the local lesions due to the diphtheria toxin with those occurring in 
the internal organs 

In the same way some organisms, as the typhoid and tubercle bacilli, which 
ordinarily produce a mild toxin and cause proliferation, may, especially when 
the organisms are massed in large numbers, produce a concentrated toxin 
capable of causing necrosis and purulent exudation Phagocytosis is most 
frequent in those infections in which a mild toxin is formed as in typhoid 
fever, although it may occur to a limited extent under other conditions 

Pathology of Pysmia — Any pyogenetic microorganism capable of ex- 
istence in the blood stream may cause pytemia Those most frequently 
found are the staphylococcus and the streptococcus, less frequently the 
pneumococcus, the gonococcus and the typhoid bacillus, other forms have 
been found occasionally In considering the pathology of pysemia it is 
necessary to discuss the manner m which the microorganisms enter the 
blood stream and the conditions which determine the secondary localization 
in the various organs In the majority of local infections followed by 
pysemia the invasion of the blood is not direct, by the passage of the organism 
through the vessel wall, but indirect as a result of an involvement of the 
vessel, usually a vein, in the inflammatory proeess and the consequent for- 
mation of thrombi From these infected thrombi small partieles containing 
bacteria pass into the general circulation and, reaching vessels too small to 
allow their passage, become impaeted Whereas a bland embolus would 
cause a simple infaretion, these infected emboli, through the microorganisms 
which they contain, cause local suppuration A somewhat similar mechan- 
ism is seen in malignant endocarditis, small fragments of the exudate or of 
the thrombotic masses on the valve are swept into the blood stream and 
cause, upon impaction, embolic abscesses 

Not only in man, but also in experimental studies upon animals, it is seen 
that pysemic abscesses develop much more leadily when the cocci are ad- 
herent to some inert substance capable of meehamcally plugging the smaller 
vessels Thus Ribbert in his classical expenments found that the injection 
of cultures of the Staphylococcus aweus seldom eaused abscesses in other 
organs than the kidney When, however, he injected cultures scraped from 
potato, V ith small particles of the potato substance adherent, a localization 
occurred in other organs, indeed, various grades of pysemia could be pro- 
duced by varjnng the size of the potato scrapings Similar results were 
obtained by Pawlowsky with simultaneous injections of cinnabar and the 
oigamsm 

Occasional cases occur, however, in which the emboli do not contam 
portions of blood clot but are composed of microorganisms only Such, 
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possiblj , may originate by slo-v\ growth in lymphatic vessels and enter the 
blood stream as definite dolomes or clumps which are finally arrested in the 
capillaries Rarely, as in the case cited by \ Kahlden, a thoracic duct 
im olved in an acute abdominal inflammation may be the point of origin of 
emboli Such dissemination is analogous to that occasionally occurring m 
connection with tuberculosis and cancer involving the thoracic duct Again 
it IS possible that single organisms may find foci of altered oi injured tissue 
favorable to their multiplication This question of locus minoi is resisfenhce 
IS illustrated m the experimental production of endocarditis and osteomye- 
litis The former can readily be produced if the valve is mechanically 
injured before injecting the microorganisms into the blood stream, the latter 
if a bone is first fractured Further illustration is afforded by the experi- 
mental study of Cheesman and Meltzer, who found that by mechanically 
injuring various tissues they could cause bacteria circulating in the blood to 
settle in any place they might select 

It IS evident therefore that while embolism is an important factor in the 
production of pytemia, it is not essential in all cases Some writeis, however, 
and especially Watson Cheyne, insist that embolism is necessaiy to the pro- 
duction of tiue pyiemia, and prefer to apply to the condition frequently 
called "chionic pyicmia,” due to abscess formation in injured tissues, the 
term “multiple abscesses “ This distinction vould appear to be unjustifi- 
able in lew of the commonly accepted definition of pyiemia — septicaemia 
V ith multiple secondary abscesses Indeed, it is evident from our general 
knowledge of the conditions leading to inflammation that the local injuiy is 
the essential condition, and that even with an infective embolus it is probable 
that inflammation does not begin until the surrounding tissue has been 
rendered less resistant by an ischiemia, the mechanical result of the occlusion 
of the ^essel 

The site of the secondary localization depends largely on the portal of 
infection In inflammations accompanied by thrombophlebitis the emboli 
are usually arrested m the lungs, though an open foramen ovale may allow 
the passage of large masses to the arterial system, or minute emboli capable 
of passing through the capillaries of the lung may reach the general system 
Localization m the teriitory of the general circulation may result also from 
emboli arising in a secondary phlebitis in the neighborhood of pulmonary 
abscesses or from similar masses set free from a malignant endocarditis 
Under these circumstances the kidney, spleen, brain, heart ancl voluntary 
muscles are the more common seats of secondary suppuration, less fre- 
quenth the h\er, serous membranes, joints, skin, or eye may be involved 

The changes vliicli occur in the tissues about the infective material are 
those characteristic of abscesses in general A central mass of micro- 
organisms surrounded by a zone of necrosis, an outer zone of leukocj'tic 
infiltration and betveen this and the normal structures, granulation tissue 
Naturally, the various degenerative changes affecting the parenchymatous 
organs in toxremia and septiciemia are present also in pyiemia 

Portal Pyaemia — An unusual form of pyaemia is that in which, as the 
result of a local infection in the portal system, multiple abscesses occur in the 
h^ or v itli or v ithout general suppurative pylephlebitis It may arise as the 
result of inflammatory lesions of the stomach, intestine, or gall bladder, or, 
rarel} m the new -bom in connection with a phlebitis of the umbilical vein 
Appendicitis is perhaps the most frequent cause 
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Sj^mptoms — Toxaemia — We distinguish certain general symptoms 
common to all forms of toxaemia, as fever, ngoi, general malaise, piostration, 
rapid pulse, headache and restlessness, and fiequently certain special symp- 
toms peculiar to the toxin of the infecting organism These special symp- 
toms usually constitute the characteristic clinical jiictuie in ceitain diseases, 
as m tetanus, diphtheiia and typhoid fever 

The toxaemia accompanying suppurations, the so-called sapraemia, due 
to the Staphylococcus aureus or the streptococcus, may come on gradually 
with slight chills, a low irregular fever reachmg 100° to 102° F , loss of 
appetite, sleeplessness and a general condition of restlessness These symp- 
toms usually subside promptly after local treatment At other times it 
comes on abruptly, the symptoms reachmg their height withm twenty-four 
hours This happens most frequently when a hitherto localized lesion 
suddenly and rapidly involves other tissue, and is to be explained by the 
freemg of a large amount of toxin which, passing into the lymphatics, quickly 
reaches the blood stream The same rapid onset may be seen m a rapidly 
developmg virulent infection of a previously clean wound The onset is 
usually, but not mvaiiably, marked by a rigor and a sudden rise of tempera- 
ture to 103°, 104° F or even higher Tlie rigor may be slight or severe and 
may or may not recur The usual concomitants of fever, the hot, dry and 
flushed skin, thirst, headache, and coating of the tongue are seen Vomitmg 
IS usual and may persist , the pulse is rapid and full , the respiration hurried , 
the urme scanty and high colored As the intoxication continues, general 
weakness, frequently to the extent of prostration, develops , at other times the 
patient becomes restless, anxious and irritable In neglected cases or those 
m which the source of the intoxication cannot be removed, the prostration 
becomes extreme and tremors due to muscular wealcness develop A delir- 
ium, noisy or of the low muttering type, may become constant, but occurs 
usually only at night The tongue becomes dry and brown, mucous accu- 
mulates m the eyes, the lips are covered with sordes, diarrhoea occurs, and 
the faeces and urine are passed unconsciously The skin may be jaundiced 
or show petechial hemorrhages This stage may gradually pass into coma, 
and, with a falling or subnormal temperature, end m death on the thud or 
fourth day after initial symptoms Other cases continue m a distinctly 
“typhoid” condition and die from exhaustion after a longer period The 
urine may contain albumm and occasionally a few hyaline casts, m severe 
cases an acute exudative nephritis may develop 

Septicaemia — ^The symptoms of septicaemia are due to the same cause — 
an intoxication — as are those of toxaemia and therefore are similar m char- 
acter, though usually more severe The initial rigors are more marked and 
frequently persist The temperature remains constantly higher (103° to 
105° F ), but with daily remissions or even intermissions The anorexia is 
more profound, as is also the “typhoidal” condition, when it occurs Jaun- 
dice IS more frequent and of severe giade Capillary hemorrhages are not 
uncommon The character of the symptoms differs naturally according to 
the infecting organism 

Pysemia — ^This condition, preceded as it is by toxiemia and septiciemia, 
has no distinctive symptoms except those due to the secondary suppurative 
foci, and these are not always conspicuous The onset is marked by a 
severe initial rigor and a rapid rise of temperature to 103° or 105° F These 
rigors, followed by fever and sweatmg, occur at mtervals of every day, or 
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every otlier day, and maj frequently have more or less periodicity The 
constitutional sjmiptoms are similar m charactci to those of septiciemia 
but are evceedmgly severe The signs are dependent on the site of the 
secondary suppuration Thus cough and dyspnoea point to an involve- 
ment of the lung which physical examination may confirm, if the abscess 
IS near the surface of the lung the clinical picture of pleuritis may develop 
Pleuritis may also be a manifestation of pyiemia independently of previous 
lung m^olvement In a similar way the peritoneum, the pericardium, the 
joints, and the menmges may be involved Abscesses of the kidney may be 
recognized by pain and tenderness m the lumbar region and albumin or 
occasionally blood and pus m the urine , an enlarged tender spleen is sug- 
gestive of the changes followmg embolism of that organ Very important 
lesions may occur m the eye The central artery of the retina may be 
plugged by an embolus, causing sudden loss of vision m the affected eye and 
later, through the microorganisms present m the embolus, a panophthal- 
mitis may develop This last condition may be caused also by an embolus 
lodging m the ciliary region or ins Occasionally abscesses of the subcuta- 
neous tissues, or of superficial organs, as the thyroid, salivary glands, or 
testicle, may be present 

Cardiac murmurs are usually heard, and although often functional the 
possibility of an acute endocarditis must be considered The skin is often 
of a yellow tmge, and occasionally in severe cases distinctly jaundiced 
(luematogenous icterus) An erythematous rash of the scarlatina type, but 
differing m its distribution, is not infrequent Very rarely a pustular 
eruption is seen, and m the later stages of the disease petechial or even 
diffuse hemorrhages These hemorrhagic lesions are more frequent in 
cases with endocarditis 

Death usually occurs in the second week, though a few cases run into the 
third week The fatal result may be due directly to any one of the secondary 
lesions of the heart, lung, brain, or menmges, or the patient may pass mto a 
“typhoid” state and die of exhaustion with or without coma In rare cases 
death may occur suddenly from impaction of a large embolus in the pulmon- 
ary artery, or from cardiac or cerebral embolism 

The so-called chronic pyiemia is characterized by the formation of fewer 
abscesses, a milder course and longer duration Acute symptoms, as rigor, 
fever and pain, occur with each localization and then subside The second- 
ary lesions are usually m the joints or subcutaneous tissues The disease 
may last for months, but its course is usually progressively downward, vith 
fatal termination 

Changes in the Blood — Only those alterations accompanying infection 
by the common pyogenic microorganisms v ill be discussed here 

Red Cells — In milder foims of toxaemia due to this group of organisms 
only slight changes in the blood may be evident, but all observers agree that 
m se\ere cases a a cry marked anaemia is present Eving states that “in no 
other disease do the red cells suffer destruction so constantly and to such an 
extent ” The average loss of red cells is from 200,000 to 1,000,000 per 
veek and the diminution persists as long as the infection continues The 
anaemia varies according to the character of the case, the most marked 
anaemia being associated vith uterine sepsis Hayem reports a case of 
puerperal sepsis vatli only 1,450,000 red cells per emm and 20 per cent 
of h£cmoglobm, Cabot, a suppuratmg fibroid of the uterus with 1,800,000, 
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Ewing, a septic endometritis, not puerperal, with 1,600,000 red blood cells 
and 20 per cent liaemoglobin , while Grawitz, in a case of intensely acute 
puerperal sepsis with profuse bleeding, found but 300,000 red cells Cabot 
gives as the average count for puerperal septicaemia, 3,500,000 Nucleated 
and distorted red cells may occasionally be seen in the second or third week 
of severe septicaemias The loss of haemoglobin is one of the chief alterations 
and IS usually m proportion to the loss of red cells This solution of haemo- 
globm may lead to distinct haemoglobmaemia, causmg staining of the body 
fluids and tissues, jaundice of the skin and, as mentioned by Ewing, micro- 
scopic appearances m the internal organs similar to those of pernicious 
malaria Our recently acquired knowledge of bacterial haemolysins would 
appear to explain m part this destruction An increased tendency to crystal- 
ization of the haemoglobin has been observed In severe cases a veryj rapid 
diminution m the specific gravity of the blood may be found 

Leukocytes — ^The character of the leukocytosis depends upon the severity 
of the mfection, the resistance of the individual, and to a less extent on the 
character of the local lesion If the latter is a distinctly purulent condition 
a higher leukocytosis may be expected than in conditions accompanied by 
fluid exudate, on the other hand encapsulated pus may not cause a leukocyto- 
sis If the infection is severe and the resistance good a marked increase m 
leukocytes is the rule, on the other hand, if the resistance to a severe infection 
is poor, there may be no leukocytosis, or even leukopenia This may be seen 
not infrequently in puerperal septicaemia or other severe streptococcus 
infections which completely overwhelm the reactive powei of the organism 
Also mild cases may occur with slight or no leukocytosis The leukocytosis 
IS of the ordinary polymorphonuclear type with diminution or no change in 
the number of eosinophiles and lymphocytes 
lodophiha — Locke and Cabot have reached the conclusion that this 
reaction is characteristic of toxemic conditions and especially of those asso- 
ciated with suppuration The test is simple A blood film prepaied in the 
ordinary way is pressed down on a drop of iodine solution^ on a glass slide 
and examined with an oil immersion lens Normal neutrophiles are stained 
a bright yellow, but in septicaemia and certain other conditions reddish- 
brown granules or a diffuse brownish coloration is seen Free extracellular 
bodies may also react, but they are of no diagnostic value The presence ot 
the bodies wnthin the cells is always pathological , they have never been seen 
in normal blood In general the intensity of the reaction appears to indicate 
the severity and duration of the local process and the amount of septic 
absorption Of great importance m connection with virulent infections is 
the oceurrence of a marked iodine reaction without leukocytic reaction In 
these cases it is a valuable control of conclusions based on the blood count 
only As a toxiemia clears up after free drainage of pus so do the granula- 
tions in the leukocyte rapidly disappear Persistance of the reaction indi- 
cates incomplete drainage Of this test Cabot says “The iodine reaction, 
like the leukocj'te reaction, usually means septiciemia, but not ah\ aj s pus 
It IS piesent in cases of grave anaemia, and in a variety of toxic and infectious 
conditions (malaria, uraemia, grave anaemia [carbon monoxide poisoning, etc ), 
some of which pioduce leukocjffosis, while others do not Its \ alue consists 

^Iodine 1 gram 

Potassium iodide 3 grams 

Water 100 cc 

Gum arable 50 grams 



670 


INFECTIOUS DISEASES 


in the fact that it adds another to our list of clinical indications of the presence 
of toxEcmia — such indications as p}ne\ia, tachycaidia, albumosuria and 
leukocjdosis None of these is piesent in every case and any of them may be 
piesent when toxiemia is absent Hence the addition of an independent 
indicator like lodophiha to our list strengthens oui diagnostic lesources 
considerably ” ^ 

Portal Pysemia — ^Portal pyiemia or suppurative pjdephlebitis offers cer- 
tain special sjmiptoms The liver usually incieases lapidly in size and this 
enlargement is accompanied by intense pain in the nght hypochondrium 
and tenderness on palpation Gastro-intestinal symptoms aie prominent, 
usually with vomiting Large abscesses pressing on the portal vein may 
cause ascites, and a similar pressure on the large bile ducts, jaundice, these 
s'^Tuptoms, however, are not constant Peritonitis, resulting from rupture 
of an abscess on the surface of the liver, or by direct extension, may com- 
plicate the picture Exploratory puncture may occasionally demonstrate an 
abscess and settle the diagnosis The course of the disease is severe and 
rapidly fatal 

Diagnosis — ^^Vhen the general symptoms described in the preceding 
paragraphs occur in connection with a local suppurative or gangrenous lesion 
(dissection, autopsy, oi other wound, post-partum endometritis, osteomj e- 
htis, otitis media, oi local inflammation after operation), and especially if the 
primary inflammatoiy condition is a rapidly progressive one, the attendant 
must attempt to distinguish between a toxiemia and a septicoemia and to 
consider the possibility of pyiemia The differentiation between the first two 
IS difficult and almost impossible without the aid of blood cultures, while 
a diagnosis of pyaimia can be made only when the secondary localizations 
offer definite sjTuptoms If, aftei remoi al of the local infection, the general 
s'^Tuptoms subside, it becomes endent that the trouble was an intoxication, 
if, however, they persist, a general septiciemia m all probability exists This 
can be determined absolutely only by obtaining positive results in blood 
cultures, negative results leave the diagnosis still doubtful Foitunately 
such differentiation is now not essential in deciding upon treatment, it must 
be remembered, however, that one can obtain no satisfactory knowledge of 
the value of the vanous forms of serumtherapy until a distinction is made 
not meiely between toxiemia and bactericemia, but more important still 
betv een various tj’pes of bacteriremia 

The surgeon can usually explain the occurrence of “septic” symptoms 
by an examination of his incision, the injured tissue, or whatever the local 
lesion may be The physician, on the other hand, may be confronted with 
general s^Tnptoms, atj'pical or unusually severe, developing suddenly in the 
course of some definite clinical picture, and v Inch he cannot explain Or he 
may recognize a condition as septiciemia from the onset, with no local disease 
of any kind and without evident portal of infection Such obscure conditions 
ma-\ be due to general infections with the pneumococcus, tj'phoid or para- 
tj-phoid bacillus, B ‘pyocyanms, the gonococcus, oi one of the common 
pjogemc COCCI In such cases the only means of exact diagnosis, m the 
carl} stages, is by a bacteriological examination of the blood 

The differentiation of pyiemia from other affection is often very difficult 
Of prime importance is the recognition of the local infection Obscure 
primary lesions as osteomyelitis and abscess of the gemto-urinary or alimen- 
tarj tract, are frequently not recognized The differentiation from septi- 
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csemia depends on the secondary manifestations The diseases with -u Inch 
it IS perhaps most frequently confounded are tyjihoid fe\er, acute miliary 
tuberculosis, malana and malignant endocarditis 

Mahgnant endocarditis, in the broadest sense of our definition of pyaemia, 
is a pyiemic manifestation It is a secondary condition, the result of a bac- 
ternemia of definite or unknown oiigin and is frequently accompanied by 
other suppuiations Morcovei, through embolism it usually causes other 
abscesses Suppuiative arthritis following acute infectious diseases, as 
scarlet fever and gonoirhoea, are really mild foims of pyiemia usually diffei- 
entiated clinically 

It should be remembered that pyiemia may rarely complicate almost any 
one of the infectious diseases, for suppuration is not due to any specific 
organism or group of organisms, but may be caused by a great variety of 
bacteria 

Prognosis — Tins depends in toxiemia on the type of infection, the sever- 
ity of the intoxication, and the resistance of the individual In surgical and 
obstetrical infections the general symptoms usually subside promptly after 
proper tieatment of the local lesion from which the toxic substances are 
absorbed Streptococcus toxaemia is considered more serious than other 
forms The resistance of the individual is an impoitant factoi, some 
persons resisting an intoxication to which -old and debilitated subjects suc- 
cumb Local lesions which cannot be reached surgically, or those accom- 
panied by thrombosis, always warrant a guarded prognosis because of the 
possibility of the development of septicaemia or pyaemia The time which 
elapses before proper treatment is inaugurated has an important bearing 
on the result In some diseases, as pneumonia, typhoid fever and diphtheria, 
m which the toxaemia may be out of all proportion to the fever and the extent 
of the local lesion, it is of serious prognostic import Rugged individuals 
with moderate pneumonic solidification and pyrexia may quickly succumb 
to an overwhelming toxaemia 

Septicaemia, when absolutely diagnosed, has generally been considered 
almost hopeless This has been true especially of streptococcaemia occuiring 
either in surgical practice or in such diseases as diphtheria, scarlet fev^er 
and smallpox The result of the bactenological examination of the blood 
m a great variety of conditions indicates, however, that this view must be 
modified Although no generalization concerning prognosis can yet be 
based on such examinations, there is very definite evidence that lecovcry 
may take place in vanous forms of bactensemia Petiuschky reports 
recovery from general infection with pyogenic cocci, as does also Bertels- 
mann, Libman and Hektoen Jochmann reports a case of gonococcaimia 
which recovered 

Pneumococcsemia, according to Ewing’s collection of cases, is usually 
fatal He believes, however, that except as an occasional agonal invasion, 
this condition is rarely found in the absence of metastatic inflammations 
Proschaska, on the other hand, found the organism in all of 50 cases and in 
varying tjqies of the disease, and concludes that a general infection in 
pneumonia does not necessarily mean a grave prognosis Frankel believes 
the prognosis depends on the number of organisms found 

The surgical forms of pyiemia and those accompanied by ulcerative endo- 
carditis, meningitis and suppurative pylephlebitis or extensive visceral 
abscesses are almost invanalily fatal The so-called chronic pyamua and 
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the milder acute forms AMth suppuration in the joints, subcutaneous tissues, 
or other locahties \sdueh may readily be treated surgically, frequently 
recover 

Treatment — ^The treatment of the three conditions here considered is 
mainly surgical and therefore calls for but biief mention All local sup- 
puration, -whether pnmaiy or secondary, if accessible should be evacuated 
and thoroughly cleaned and drained Under such treatment a toviemia 
usually subsides rapidly while a septiciemia oi pyiemia is unchecked except 
in those rare instances in ivluch the patient displays unusual powers of 
resistance The general treatment seelvs to stimulate this resistance and 
to conserve the strength of the individual Nutritious and easily assimilated 
food in small amounts should be given at frequent intervals Alcohol m the 
foim of brandy or whisky is frequently given, strychnine may be of special 
value The fever maj be moderated by bathing Quinine and the vanous 
coal tar products are of little value Pam, vomiting, diarrhoea, and other 
symptomatic conditions, can be treated only as such In short, the treat- 
ment IS that of any continued fever — ^good nuising with attention to general 
hygienic principles and the treatment of symptoms 

Vanous attempts have been made to combat septicremia and pysemia by 
intravascular injections of formaldehyde and colloidal silver The results 
obtained are, however, not sufficiently satisfactory to justify geneial use 

Sudden severe intoxication with collapse may justify heroic stimulation 
in the hope of supporting the patient until the excretion of the poison has 
begun Under these circumstances the subcutaneous or intravenous injec- 
tion of salt solution may aid very matenally 

Serumtherapy — The progress already made in the treatment of acute 
infections by immune sera ofters some support for the hope that eventually 
each form of toxiemia or of septicaemia may be treated by a specific antitoxic 
or bactericidal serum At present, however, successful seium treatment 
IS piactically limited to diphtheria This is due in part to the differences 
in the chemistry of the bacteria and the manner m which toxins aie secreted, 
and in part to differences m the mechanism of infection The immune 
sera in the piesent state of our knowledge may be divided into (a) the 
antitoxic sera, (h) the bactericidal sera, and (c) those which are neither 
antitoxic nor bactericidal, or but slightly so, but which aid apparently by 
assisting the protective mechanism of the body To the first group belong 
the antidiphthena and antitetanus sera, each of which contains a true anti- 
toxin for the soluble toxin of the diphthena and tetanus bacillus respectively 
The neutialization of the toxin by the antitoxin m each of these sera is 
apparently chemical in character and analogous to the neutralization of 
an acid by a base Unfortunately for the success of the general treatment 
of toxEEima by antitoxic sera, the diphtheria and tetanus bacilli arc the only 
important pathogenic organisms winch produce soluble toxins, the toxins 
of other bactena are closeb' bound to the m-^'coprotem and not leadily sepa- 
rated from the cell The direct antito-ac action of diphtheria and of tetanus 
serum is -u ell knomi expenmentally and that of the diphthena serum clin- 
ically Unfortunately the clinical use of tetanus scrum is unsatisfactory 
ouing to a pecuhanty -SAlnch the tetanus toxin has of uniting with the cells 
of the central nervous s-\stem This union occurs early m the disease, is a 
^ cr> intimate one, and the poison when so bound to the cell is not at all, or 
but slightk , affected by the antitoxin Technically expressed, these nerve 
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cells possess receptors for -nliich the toxin has a speeial affinity, an affinity 
so great that the antitoxin cannot oveicome it For this reason tetanus 
antitoxin gives the best results when it is used early in the disease before 
the toxins are fixed oi when intradural injection, winch allows a less diluted 
antitoxin to come in intimate contact with the toxin-saturated cells, is 
practiced The antitoxic sera have little or no bactericidal pov er 

The bactericidal immune sera are produced by immunization v ith those 
bacteria (typhoid, dysentery, cholera, etc ), v Inch are usually desciibed as 
possessing intracellular toxins in contradistinction to the soluble toxins of 
the diphtheria and tetanus bacilh Such sera are not antitoxic or but 
slightly so Their bactericidal power can readily be demonstrated experi- 
mentally, but when applied clinically so great an amount of serum must 
be employed that its use is impracticable Moreover, on mg to differences 
or irregularities in complement actinty, the mechanism of bacteriolysis in 
man is not analogous to that in carefully planned experiments When these 
problems are solved rational treatment of bacternemia may be expected 

The third group, but recently separated, includes the streptococcus, and 
possibly the staphylococcus and pneumococcus sera These liaie no bac- 
tencidal power and are but slightly or not at all antitoxic They act 
apparently either by stimulating certain cells (phagocytes) or by so altering 
the infecting organisms that they may readily be destroyed by these cells 

Antistaphylococcic sera may be dismissed with but brief comment No 
serum satisfactory for clinical use has yet been prepared Experimentally, 
a serum of but very slight protective power has been obtained As a rule, 
even in large doses, it will not protect against more than twice the fatal dose, 
and quickly loses its protective power It has been estimated that in com- 
bating human infection the average adult should require from 400 to 700 cc 
of the serum 

Owing to the high fatality caused by the streptococcus and the frequency 
with which infection, either pnmary or secondary, occurs, much attention 
has been given to the preparation and mode of action of antistreptococcic 
sera The first serum was announced by Marmorek, in 1895, but as yet 
the exact mode of action has not been demonstrated Tins is due to a 
vanety of conditions We do not know whether ve are dealing with one 
or with a vanety of forms of streptococci, little is knov n of the streptococcus 
toxin, and until recently the mechanism of its toxic action and of the method 
by which the body resists this action have been little understood Further- 
more, in the clinical use of the serum the differentiation is seldom made 
between toxcemia and bacteriiemia, a point naturally of great importance 
in the interpretation of results 

Recently some light has been throira on the mechanism of the protective 
action of antistreptococcic sera The investigations of Bordet, Besredka 
and Ruediger, show that the leukocjdes play an important role m combating 
streptococcus infections These cells in the normal rabbit take up only 
non-virulent cocci, but in the rabbit receiving the antiserum they engulf 
virulent cocci also, and if the dose is not too large the animal recov ers In 
test-tube experiments the same phenomena are observed It would* appear 
at first glance that the antiserum stimulates the phagocj tes Further exper- 
iments, however, by Neufeld and Rinipau indicate that this is not so, but 
that some substance m the bactcnal cell is neutralized by the antiserum, and 
after such neutralization the cocci do not resist ingestion by the leukccj-tes 
"v Oh 2 — “4 3 
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The substance destroyed by the serum, presumably a toxin, they suppose to 
be the agent naturally protective against phagocytosis 

That such an explanation of this mechanism is in all probability the proper 
one IS indicated by the studies of Wright and Douglas confirmed by Hektoen 
and Ruediger, and otheis These investigations, briefly summarized, show 
that the influence of the body fluids upon phagocytosis is not due to stim- 
ulation of the phagocytoses directly, but that certain substances (opsonins) 
in the fluids become attached to the bacteria, •which, for some unknown 
reason, then become susceptible to phagocytosis 

Therapeutically, the use of antistreptococcic sera gives very contradictory 
results Some of the most interesting results have been obtained in the 
treatment of scarlet fever Baginsky, who believes that the streptococcus 
has an etiological relation to scarlet fever, used Aronson’s serum on a series 
of 63 cases of scarlet fever, the doses varied up to 20 cc The cases treated 
i^ere severe and he found the seium to have a beneficial action A close 
analysis of his figures shows a death-rate in injected cases of 11 percent and 
in uninjected of 17 per cent The death-rate in his hospital for ten years had 
laried from 12 to 24 per cent Aionson’s serum is prepared by injecting 
horses ith cultures rendered virulent by passage through animals Moser, 
ivho holds that Aronson’s method impairs the protective po-v\'er of the serum 
against streptococci -Miulent for man, prepared a serum by injecting horses 
vith cultures freshly obtained, usually from the heart’s blood, of fatal cases 
of scarlet fever As he has obtained nearly 30 different strains of the strep- 
tococcus and injects them all, his serum is polyvalent Escherich uses this 
serum in all seveie cases received at the Anna Kinderspital (Vienna) From 
No^ ember, 1900 to July, 1904, 1,069 cases of scarlet fever were admitted and 
of these 228 received sei-uin The mortality in the hospital prior to the 
seium treatment averaged 14 5 per cent, since, 8 per cent , for the same 
period of time the general mortality from scarlet fever in other Vienna hos- 
pitals averaged 13 1 per cent The dose employed varied up to 180 cc , a 
second injection -n as rarely necessary The effect of the serum on the clin- 
ical sjTnptoms IS noticed in a few houis, all sjnnptoms are relieved vithout 
shock or collapse, the temperature falls to normal, the pulse and i aspira- 
tion impiOAe and the neix'ous sjTnptoms subside For this effect, hovever, 
the serum must be gn en early, certainly before the height of the disease No 
ill effects of the serum are noted, except the serum exanthem, which, however, 
ne^ er becomes a serious complication With the same serum Bokay obtained 
similar results in a smaller number of cases 

The lesults obtained in the treatment of rheumatism, puerperal sepsis and 
various forms of secondary infection are contradictory 
A committee of the American Gynecological Society, in 1899, analyzed 351 
cases of puerperal sepsis treated with antistreptococcus serum The total 
mortality vas 20 74 per cent In 101 cases, in A\duch a bacteriological 
examination v as made, death occurred in 32 69 per cent , in 251 without 
bactenological control, in 15 85 per cent The committee concluded that 
these results did not justify further use of the sera then available Packard 
and Villson on the other hand colleeted, in 1902, 117 cases of streptococcus 
infection, including puerperal sepsis, erysipelas, pyiemia, local suppuration 
and secondarj infection complicating tuberculosis, with a history ot tempo- 
rary improvement or complete recovery in 114 
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The important points in treatment by antistreptococcus serum appear to 
be the following 

1 It must be demonstrated that the streptococcus is the organism respon- 
sible for the condition, or, if present with other bactena, is the predominating 
pathogen 

2 The serum must be used early in the course of the disease, if general 
extension has taken place little or no beneficial result may be expected 

3 The first dose should be at least 20 to 30 cc and if this does not 
produce a perceptible change in sjnnptoms it should be repeated in twehe 
hours If no relief follows such treatment it is useless to continue that 
particular serum and another brand should be tned Injections should 
be made if necessary, every twenty-four hours 

4 The polyvalent sera appear to give more favorable results than those 
prepared with a single strain of streptococcus 
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ACUTE RHEUMATISM, OR RHEUMATIC FEVER 
By FREDERICK J POYNTON, M D ,F R C P (Bond ) 

Etiology — Acute rheumatism takes a very prominent position among 
the diseases of temperate climates, and has fiom ancient times attracted 
much attention No disease is more difficult to define, and of the more 
common diseases none has been more complicated by theories For this 
reason the reader v ill possibly grasp the chief problems m the etiology the 
more easily if they are put m the form of a biief historical summary It is 
at the present time especially necessary to devote particular attention to 
the vievs upon the causation, for upon the one to which he may mclme will 
depend the physician ’s interpretation of the clinical facts of the disease and 
his line of treatment 

We frequently read m the early writings of a “rheum” or catarrh which 
flowed from the brain mto the vanous regions of the body and caused .pain 
and distress when it obtamed a lodgment This vague and mdefinite con- 
ception has survived to the present day m a modified form, and often even 
now a vague ache or pain for lack of an accurate diagnosis is called “rheu- 
matic ” Early m the seventeenth century, hov ever, the term rheumatism 
was used for a special form of arthritis, and distinguished from gout by a 
French physician, Baillou Sydenham, in the Ohservationem Medicanm, 
also sharply differentiated these two diseases There was again definite 
advance when in 1827 we read in Scudamore’s Avntings accounts of cases of 
endocarditis and pericarditis arising from rheumatism, and find ten years 
later that Bouilland was so impressed with the frequency of the cardiac lesions 
that he grouped them as true rheumatic manifestations From this time 
onv ard the belief has been slon ly gaming ground that acute rheumatism is a 
systemic disease, and not only a form of arthntis Nevertheless the contin- 
ual use of the term articular rheumatism has greatly delayed this aceeptance 
of the disease as a systemic one 

The next important landmark was gamed by a study of iheumatic fever m 
childhood Neaily tvo hundred years ago chorea was recognized as a 
sequela, and Botrel m 1850 held that all chorea was rheumatic m origin In 
1868 Hilher described the rheumatic nodule, and m 1888 Cheadle, m his 
Harveian lectures upon the manifestations of the iheumatic state m child- 
hood and early life, conclusn ely demonstrated the n idespread lesions of the 
disease Even now, hovever, writings abound m which the conception of 
acute rheumatism is that it is an articular disease, and it will be e^^dent from 
v hat follov s that many of our difficulties are the outcome of this imperfect 
realization of the true meaning of acute rheumatism 

The tendency in lecent years has certainly been to aceept the view that it is 
a disease vith numerous manifestations It is, however, disputed whether 
there is one exeiting eause or vhether there are many, and this leads to a 
close consideration of the various factors in the etiology and of the various 

C7G 
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views that have been put forward in explanation of the cause of acute rheu- 
matism ^Yidely different theories have been elaborated Cullen attributed 
rheumatism to the direct action of cold upon the joints, and looked upon it as 
essentially a local mflammation followed by a general fever Later J K 
Mitchell influenced medical thought by his remarkable obsenations upon 
arthritis pioduced by nervous lesions Exposure and chill were, according 
to this theory, believed to cause an nutation of the cutaneous sensory nerve 
fibers ovei a ivide area, and thus to set up a central disturbance m the spinal 
cord and medulla oblongata This disturbance was transmitted to the ner^ es 
of the vanous organs and tissues which were implicated by acute rheumatism 
and caused m turn the various manifestations 

The chemical theories of the causation opened up furthei paths for 
investigation, although none of them can claim to be satisfactory The 
suggestion that the poison which caused the symptoms was lactic acid is 
the one most widely known, and was the most widely accepted Yet the 
basis of fact upon which it rests is very sleniler B Richardson and Rauch 
produced endocarditis, pericarditis, and polyaithritis, by injecting a 10 pei 
cent lactic acid solution into the peritoneal cavity of dogs, but other inves- 
tigators failed to confirm these observations, and the proofs of the occur- 
rence of lactic atid in any excess in the tissues in acute rheumatism are 
entirely wanting The view held by Latham and Haig, that uric acid is of 
first importance in the production of the disease, needs the support of 
clear demonstration There is in fact no agreement upon the subject that 
uric acid is in excess in the blood, tissues, or sweat secretion of rheumatic 
fever 

When on the other hand, we investigate the reasons for loolung upon acute 
rheumatism as infective, we find the most convincmg evidence m every 
direction To quote Di Cheadle’s words upon this point “The occa- 
sional epidemic prevalence, the variability of type, the incidence upon the 
young, the occurrence of tonsillitis, of endocarditis, of pneumonia, of erythem- 
atous eruptions, the rapid anaemia, the tendency to capillary hemorrhage 
and albuminuria, the implication of the joints, the relapses, the occasional 
supervention of hjqierpyiexia, the nervous disturbance, the specific power of 
salicylic acid, are all suggestive of an infectious disease ” The pathological 
and bacteriological facts in support of this view are also most convincing 

The exact nature of the infection, however, has led to much controversy, 
and at the present time there is no general agreement upon this point The 
view that it is an infection akin to malana can be dismissed This is associ- 
ated with the names of Saunders, M Bertholon, and jMaclagan, and v\as 
suggested by the idea that damp v as in both diseases a pov erful agent m the 
causation The proof of the cause of malaria has dispiov ed the relationship 
of the two diseases, and a study of the morbid anatomy of acute rheumatism 
points to its classification among the diseases that result from micrococcal 
infections, that is to say, with the diseases that result from infections vsith 
the streptococci, staphylococci and pneumococci 

T ith the dismissal of the malanal theory the present position is reached, 
and the se\eral vnevs upon it are as follows (1) That there is no specific 
microorganism, but the disease is a form of septicaimia vhicli owes its origin 
to staphi lococcal or streptococcal infections (2) That the disease is due to 
a specific bacillus (3) That the microorganism is a diplococcus (4) That 
the exciting cause is as j ct unlmowii 
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The second of these views, wliidi loolcs upon the disease as the result of an 
infection with a specific bacillus, is not substantiated A laige bacillus had 
indeed been found by Achalme, m 1891, and latei by other French observers, 
in fatal cases of rheumatic fever, and they held that it was the actual cause of 
the disease Subsequent investigations have failed to confirm these results, 
and it seems impossible to believe that the bacillus, which was described as of 
a size equal to that of the anthrax bacillus, can have been overlooked by 
many observers On the other hand, the investigations which point to a 
micrococcus as the exciting cause of acute rheumatism are very numerous 
and some are so complete as to carry great weight Yet m their mterpretation 
difficulties arise, for although it is accepted by most authorities that acute 
rheumatism is a systemic disease, there is no general agreement that it has 
only one exciting cause On the contrary, there are many who maintain 
that difierent mfective agents of the micrococcal group may produce acute 
rheumatism 

No value can be attached to the statement, commonly made, that rheuma- 
tism is a form of septiciemia Any infection, if sufficiently severe, will cause 
a septicaemia, and a vague statement such as the above gives no real assist- 
ance toward the proper understandmg of the disease We have, then, to 
consider this Is acute rheumatism the result of an infection with vanous 
pus-forming micrococci m an attenuated state, or is it the result of an infec- 
tion with one microorganism only? 

The first view, that acute rheumatism is an attenuated pyaemia, is one 
very v idely held Yet at the present time, in the writer’s opinion, those who 
hold it have nevei established their position, and to it there are obvious and 
grave objections In the fiist place acute rheumatism is a very common dis- 
ease — far more common than the vanous forms of pyaemia, yet it is most 
exceptional to find that it arises in connection with pyaemia Now and 
again there are puzzling cases which follow otitis media or a tonsillar abscess 
which support this view to some extent Yet for one of these, hundreds of 
cases of rheumatism arise m such a way and run such a course that they can- 
not be grouped as examples of attenuated pyaemia, without makmg a pure 
assumption without pai allel in the entire field of medicine 

Again, acute rheumatism can be most deadly What more terrible poison- 
ing can be found than a severe attack with hj'pei pyrexia ’ This is certainly 
not an attenuated mfection, and it certainly is not pyaemia Lastly, because 
various micrococci, including the staphylococcus aureus, have been found in 
the tissues and isolated fiom them m acute rheumatism, this does not consti- 
tute a proof that they are a cause of the disease, or because various micro- 
cocci have produced arthritis and endocarditis in animals, this is no proof that 
thej' are therefore the cause of acute rheumatism Many infections in man 
mil cause arthritis oi endocarditis and yet the eonditions need not be acute 
rheumatism The cardinal rules of investigation must be adhered to in the 
study of the etiology of rheumatism, that is to say, a microorganism must be 
found with constaney in the important lesions of the disease, it must be 
isolated and cultivated outside the body, it must produce similar lesions in 
susceptible animals and must be again isolated from these lesions No proof 
short of this suffices, and until this proof has been obtained foi more than 
one micrococcus the vien that various attenuated mierococci are causes of 
acute rheumatism is not established 
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The second view maintains that the cause is a diplococcus belonging to the 
group of stieptococci allied to the Strepiorocciis pyogenes on the one hand, 
and to the Fneumococcus lanceolatus on the othei This diplococcus has 
been isolated by a considerable number of investigators and its relationship 
to the disease worked out step by step within the last ten years Among the 
pioneers may be mentioned, Mantle, Klebs, Leyden, Chvostek, Smgei, 
Popoft, Loeffler, and Micbaehs Tnboulet and Apert in 1898 placed the 
position of this diplococcus upon a firmer basis by producing mitral disease 
m a rabbit from an injection of the microorganism obtained fiom the blood 
of a patient with rheumatic fever 

Westphal, Wassermann, and hlalkoff, m 1899, produced fever and multi- 
ple arthiitis m eighty rabbits with a similar microorganism, obtained fiom a 
fatal case of rheumatism Paine and the writer m 1900 published an inde- 
pendent investigation m which they had isolated this diplococcus from 8 
successive cases of acute rheumatism and had shown its piesence m the most 
important human lesions, they had produced these various lesions m rabbits 
and had isolated the diplococcus from the animal tissues Since that date 
they have increased the number of cases from 8 to 35, with only occasional 
failures 

The results of experiment are on the whole remarkably constant, and the 
reader cannot lose sight of the fact that a microorganism which is present in 
the lesions of acute rheumatism is capable of reproducing similar lesions in 
animals Veinon-Shav in 1903 demonstrated that monkeys were susceptible 
to the infection with a culture obtained by the writer from rheumatic peiicar- 
ditis immediately after death Fritz Meyer, Ainley Walker and Beatson, 
Beattie in Edinburgh, Longcope in America, have confirmed many of the 
observations and have added more facts 

The chief characteristics of the microorganism are It is a small micro- 
coccus 0 5/1 in diameter, and usually grows in pairs or in short chains As a 
rule it does not show a capsule, but there is reason to believe that in the 
human tissues the appearance of capsulation may be occasionally found It 
stains leadily with aniline dyes Some writers hare stated that it retains 
Gram’s stain, this is undoubtedly correct, but it does not retain this stain 
nith great tenacity 

Degenerative forms are common, and the micrococcus then becomes 
swollen or pear-shaped Some discussion has arisen over the name that 
should be given to it, but there seems no good reason for altering the name 
that Paine and the writei originally gave to it in 1901 — the “Diplococcus 
iheumaticus,” for it rMll be found m the majority of instances as a diplococ- 
cus rathci than a streptococcus, and it is a cause of rheumatic fever If a 
descriptive name is needed the “ Diplococcus rheumaticus” is the most 
accurate — if a family name is required then “Streptococcus rheumaticus ” 

Cultural Charactenstics — In bouillon at 37° C there is m tv enty-four 
hours turbidity v itli slight flocculent deposit In three days the fluid becomes 
clear and there is a distinct deposit The medium becomes acid Gelahnc 
{Slab) — ^In forty-eight hours minute colonies appear along the track of the 
needle, there is no liquefaction Blood agar — ^This medium is one of the 
most favorable Fresh blood is smeared upon the agar, and incubated for 
twenty-four hours In twenty-four hours after inoculation minute white 
colonics are visible, these tend to remain discrete, and alter the blood pigment 
to a lusty brown color A notew orthv point is the remarkable vitalitv of the 
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microorganism upon this medium, and it is interesting to record that the 
original culture isolated by Fame m 1899 is still growing m subculture Mill 
and hoinllon (equal parts) slightly acidifiedwith lactic acid This medium is 
a most serMceable one for isolation of the microorganism In twenty-foiu 
hours the milk is coagulated Litmus mill (blue) is turned a pmkisli tmt in 
forty-eight hours and the milk coagulated Vernon-Shaw found that the 
best medium as glycerine, veal broth containing 2 per cent peptone, and 
1 per cent alkaline to phenolphthalem Beattie' finds a definite and very 
distinctive reaction in the pioduction of acid and precipitation of the bile 
salts in McConkey’s bile salt lactose broth 

A feature of this microorganism is the power it possesses of produeing acid 
Although a production of acid is a property common to many bacteria, this 
one possesses the pov er in a marked degree Tnboulet and Coyon, Walkei 
and Il>ffel, Shaw and Berger, have investigated these aeids, and it is elear 
from their mv estigations that they v ary v\ ith the medium m vi hieh the micro- 
organism IS grovi n Walker and Ryftel have directed attention to the large 
quantity of formic acid that the microorganism forms, and have extraeted it 
from the bodies of the microorganisms themselves Further investigations 
can alone shov\ how much specific value w^e can attach to this formation of 
formic acid In any case, howev er, it is a very interesting point that an acid 
which produces such an irritant effect upon the tissues should be formed m 
considerable quantity 

Although It is sometimes a difficult matter to demonstrate them, the 
diplococci are probably present in all the chief rheumatic lesions At one 
time or another they have been demonstrated in the endocardial and peri- 
cardial tissues, in the pleurae, peritoneum, pia mater, synovial membranes, 
nodules, lungs, urine, and blood 

In this article as elsewhere the writer has purposely avoided the use of the 
term “specific” as applied to the “diplococcus iheumaticus”, and the pres- 
ent position of the etiology appears to him to be this Acute rheumatism is a 
specific disease, and so far as our knowledge goes owns but one exciting cause, 
variously called a diplococcus, streptococcus, or micrococcus The bacten- 
ologist would wish, peihaps, to go further and say that this diplococcus is 
specific, such may prove to be the case, and is probable, but the discovery 
of a specific test foi a microorganism is a different matter to estabhshmg it as 
the cause of a specific disease 

The fourth and last view, which maintains that the exciting cause of rheu- 
matism has yet to be demonstrated, rests upon the interpretation put upon 
experimental inv'estigations with various streptococci derived from souices 
that w ere not rheumatic, and upon the fact that the micrococcus of rheuma- 
tism IS veiy rarely found in the acute sjTiovnal exudations and blood of man 
IMany investigators, and notably, of late. Cole m Baltimore, have shown that 
vanous streptococci may produce an endocarditis and arthntis m rabbits 
indistinguishable from that produced by the microorganism of rheumatism 
They argue from these results that this micrococcus is not m any way spe- 
cific, and ver> possibly has no causal partm acute rheumatism 

To the writer, who has also studied the results of various streptococci, 
such an interpretation has these objections It is not admissible to omit the 
first tw o of the cardinal law's of mv estigation, and to use experimental results 

^British Medical Journal, December 22, 1906 
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with micrococci hicli have not been obtamed from cases of acute rheuma- 
tism, as evidence for or agamst the cause of the disease Such a procedure 
involves the assumption that lesions which have a supeificial resemblance to 
one another are identical and is a verj^ dangerous one In man, for example, 
early endoeardrtis, whether pneumococcal, rheumatic, staphylococcal, oi 
tuberculous in causation, has much the same superficial appearance, yet the 
diseases are widely different It is difficult, moreo'sei, to explain avay the 
fact that a microorganism which has been repeatedly isolated from the lesions 
of rheumatic fever should produce with remarkable constancy the lesions of 
that disease m animals, and that these lesions should occur not only in 
rabbits but also in monkeys ^ 

This view would perhaps have had more weight if rheumatism in man 
weie the only cause of endocarditis and arthritis, but it is veil knovn that 
many allied but not identical diseases produce these effects in man as v ell as 
animals Little value, again, can be attached to the negatne results that 
have been obtained from investigations of the blood and synovial exudations 
in acute iheumatism 

It may be asked. How often would early local tuberculosis be detected from 
examinations of the blood, or of a small quantity of fluid from a tuberculous 
pleurisy^ Yet the tubercle bacillus is far easier to demonstrate than the 
minute diplococcus of rheumatism 

Predisposing Causes — ^There is much to be learned about these and it is 
possible that the acceptance of the new that the disease is infective in origin 
will in the future clear up some of the obscurity 

Heiediiy is admitted as a very important predisposing cause, and in study- 
mg a long senes of cases one cannot but be struck by the great frequency 
with which a family history of the disease is obtained aiter all allowance has 
been made for the vague use of thev.'oid “rheumatism ” This hereditary 
tendency is especially marked when it is transmitted from both sides of the 
family, and it shows itself by a special v ulnerabihty A distinction should be 
drawn between the rheumatic diathesis and those raie cases in which the 
mother has suffered from acute rheumatism during pregnancy and the child 
IS bom with active carditis In these cases there is probably a direct infec- 
tion through the placental cii culation 

Age — ^Acute rheumatism is rare under fiv'e years of age, but from that time 
up to fifteen its frequency greatly increases, throughout adult life it is met 
wuth, butm advancing years the tendency diminishes considerabh It is an 
error to suppose that tins disease occurs more frequently m adult life than 
in ehildhood 

Sex — Except in so far that the male adult is more exposed to sudden chills 
and severe exposure bj"^ vurtue of his occupation, there is no striking difference 

Climate, Season, and Locality — Acute rheumatism, as Hiisch pointed out, 
IS ubiquitous, but is more frequent and sevmre m temperate and changeable 
climates The ma]oiity of cases occur in autumn and spring, the fewest 
oceui in summer , but they are met w ith all the year aiound It is essentially 
an urban disease, favored by cold winds and damp Newshohne associates 
it with a low level of gioimd water, in London, certainly, acute rheumatism 

’Some bacteriologists hav'e suggested that the diplococcus occurs in a terminal 
infection There is a patient In mg now and in actne work from v^hose blood 
Paine and the viTiter isolated the diplococcus seven j'ears ago, during an attack of 
acute rheumatic pericarditis 
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IS more rife and moie se-sere when the cold and ram of autumn commence 
after a hot, dry summei 

Damp alone does not e\plam the fiequcncy of the acute iheumatism, if — 
as seems to be the case — it is true that it is an uiban disease and more seveie 
M hen the subsoil ater-level is low A sudden chill when the body is heated, 
or undue exposure to damp when the body is over-fatigued and the mmd 
overtaxed, are among the most usually cited antecedents It must be con- 
fessed that very often there is no con^’mcmg history of chill or damp In a 
certain number of cases a very definite history of living m a damp house has 
been associated v ith the development of acute rheumatism, but in many more 
theie IS no such history to be obtamed 

Epidemics — ^There is a good deal of evidence to show, as Chomel, Hirsch, 
Lange, and others, have maintained, that there are waves of acute rheuma- 
tism, and, in addition, the character of the disease alters m different out- 
brealrs Closely allied to epidemic occurrence is the possibility of spiead by 
contagion, and some lemarkable examples have been recorded There are 
nevertheless difficulties m establishing the truth of this — ^partly owing to the 
strong hereditary tendency to the disease, and partly to the probable mfluence 
of atmospheiic conditions It is not uncommon to find that two and even 
three children m a family of rheumatic parentage are simultaneously attacked 
but this does not prove the contagiousness of acute rheumatism 

Diet — Diet does not appear to have any marked effect upon the incidence, 
and it seems impiobable that an excess of meat or carbohydrate is a cause 
Excess of uric acid has in the writer’s opinion no immediate bearing on the 
causation 

Pathology — ^Thc pathological changes are for the most part easily under- 
stood The exact nature of the changes produced by the toxins cannot, 
it IS true, be demonstrated, but the macroscopic and microscopic appearances 
are quite explicable It is important to bear m mmd that these lesions, the 
caiditis, aithiitis, nodule formation, pleiinsy, etc , are primarily due to the 
local deposition of the bacteria m these situations, and not the result of 
toxins only The bactenal mfection m acute rheumatism is widespread and 
not localized as in diphthena 

From this mfection of the vanous tissues three types of injury result 

1 The simple type 

2 The fibroid type 

3 The malignant type 

1 In the simple type, which is illustrated by acute rheumatic arthritis, the 
bacteria aie rapidly destrojed by the resistance of the tissues, and the result- 
ing inflammation quicldy subsides If the mfection is more severe, or the 
resistance imperfect, death of some part of the affected tissues will occur, and 
with resolution this dead tissue is replaced by scar formation The thicken- 
ing of the mitral valve aftei acute simple endocarditis illustrates this repair 

The microscopic changes are dilatation and sometimes rupture of the 
blood capillaries, ith well-marked swelling of the connective tissues m their 
neighborhood Where the process is most seveie the connective tissues pass 
from the stage of sv elhng to that of necrosis and the area is invaded with 
leukoc^des With resolution fibroblasts mvade the necrotic area and thus a 
scar IS formed When these changes occur m the subendothelial tissues of 
a serous membrane, such as the sjTio\nal, pericardial, or pleural, there is a 
rapid exudation mto the serous cavity of a clear or blood-stained flmd which 
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later becomes sero-fibrmous It is often said that suppuration does not occur 
in acute rheumatism, and this is tiue enough if the teim suppuration is 
restncted to the yellow fluid fomid in pyannic abscesses, empyema, etc In 
severe iheumatic pericarditis, ho^^e^el, the condition is m the author’s opin- 
ion to all intents a i heuviatic suppuration 

The relation of the bacteria to the exudations is interesting and easily 
understood, yet their absence from the early exudations has moie than any 
other single fact influenced mvestigatois against the bacterial origin of acute 
rheumatism These diplococci escaping fiom the minute blood capillaiies 
are necessarily at first located m the subendothehal tissues, and the endothe- 
lium serves as a bar to then escape into the serous cavity For this icason 
there is great difficulty m finding them m acute effusions into the joints or 
other serous cavities Later, again, when after a severe infection their 
poisons have destroyed the piotective endothelium and they have escaped 
into the seious cavities, the leukocjles attack and destroy them The jiar- 
tieular phase m which the bacteria can be easily obtained is the comparatii ely 
rare one in which many have escaped into the fluid and the leukocytes have 
failed 01 have not had time to destioy them 

2 The fibioid type of lesion is best exemplified by the vell-knovn con- 
dition of mitral stenosis For some reason, as yet unexplained, this tjpe is 
more frequently found m the female sex It is a subacute inflammation very 
persistent in character, which without causing any considerable amount of 
neciosis produces a gradual sclerosis It is also met Mith m some cases of 
persistent subacute peiicarditis, and in those cases of rheumatic arthiitis in 
which theie is much swelling of the penarticular tissue and which rmi a pro- 
tracted couise It may be objected that there is no line of demareation to be 
drawn between the simple and fibroid type of inflammation , but there is this 
piactical value m the recognition of them, that it brings into prominence the 
difference m the prognosis of the lesions, and emphasizes the persistent 
nature of the iheumatism in the fibioid type of the disease 

3 The malignant type is best exemplified by certam cases of rheumatic 
endocarditis m which the microoiganisms are not destroyed m the tissues but 
multiply m the damaged valve and aie then disseminated by the blood stream 
throughout the system In the most severe foim the vegetations on the vah e 
aie minute, and yet theie are immense numbers of bacteiia m them , m those 
of less severity there are large fungatmg \egetations m which many baeteiia 
may be present, but m which many are destroyed A furthei allusion is 
made to this condition under the cardiac lesions of acute rheumatism 

The intimate changes produced by the iheumatic toxins aie not knoiim, 
but one condition is cleaily recognized, namely, fatty degeneration This is 
sometimes "sery well marked in the cardiac muscle and also m the convoluted 
tubules of the kidneys v hen they are severely attacked ^ The changes in the 
ner\ ous tissues in rheumatic chorea are not as yet thoroughly determined “ 

’Beattie Bnhsh Medical Journal, Noaember 24, 190G, has found amyloid degen- 
eration in four ca'=cs 

•Gordon Ilolmes and the wTitcr Lancet, October 13, 1906, ha\e recently im esti- 
mated 3 c.ises of fatal chorea and found — 1 The diplococcus in the pia mater and 
brain 2 Vascular and inflammatorj changes in the central nervous sj stem and 
its membranes 3 Changes in the nenous tissue itself, some dcstructnc and sec- 
ondarj’^ to the a ascular changes, others due to alteration in the moiphological 
characteia of the ner\ e cells 
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The above outline will give the reader a general plan of the morbid changes 
in acute iheumatism, under the particulai organs some more details Mill be 
gn en v Inch Avill assist m makmg clearer the explanation of the clmical sjnnp- 
toms 

General Symptoms — ^In attempting to give a description of the onset and 
course of this disease the difficulty of obtaining a satislactoiy nomenclature 
becomes a eiy apparent Neithei the term acute rheumatism nor iheumatic 
fever is satisfactory, and Ave clearly need a general term coiiesponding to 
tuberculosis The Avord “rheumatism” aa'iII be used here in this geneial 
sense 

Onset —The onset of iheumatism, especially m childhood, differs widely 
in its characters Thus it may be insidious and preceded by a period of 
mdefinite illness, Avliich can be but compared to the gradual failure of health 
that so frequently precedes acute tuberculosis The folloAVing symptoms aie 
met Avitli, among others, in this prodromal stage anaemia, nervousness, 
initabihty, epistaxis, loss of energy, wastmg, headache, soic throat, epigas- 
tric pain, and fleeting pains in the joints The temperature is usually above 
the normal, e gr , 99 5° F 

Childien of iheumatic stock may complain of these indefinite symptoms 
for long periods before they are attacked by acute rheumatism, as for exam- 
ple, in the case of a little girl avIio was under the AViiter’s care for four years 
and during that time continually showed one or other of these symptoms 
Her mothei had suffered from rheumatic fever, and it Avas clear that the 
child Avas repeatedly on the verge of acute rheumatism At last one summer 
her mother took her to the seaside, where she paddled about on the sands, 
appaiently AAas chilled, and as a result developed a soie throat This Avas 
folloAved by chorea and mitral endocarditis, smce that time she has had 
several definite attacks of acute rheumatism The manifestation which 
commences in this insidious Avay is most frequently chorea 

When, on the othei hand, the onset is acute, there may be some definite 
history of chill or exposure from which the illness is dated, and the first symp- 
toms geneially sIioav themselves Avithin a week of this In the child these 
are generally sore throat, malaise, fevei, pams in the limbs, and prostration 
The symptoms of the developed disease vary in accoidance AVitli the oigans 
chiefly attacked, thus multiple and painful arthritis, as in the adult, may be 
the piomment symptom, or chorea, precoidial pain and dyspnoea In severe 
attaclcs several manifestations may develop within a few days The folIoAV- 
ing IS an illustrative case B J , aged four and one-half years, had been 
ailing for a fcAv days, Avhen m the night he suddenly screamed out AVitli pain 
in his head In the mommg he complained of headache and shoAved 
choieiform movements, from that time he also suffered fiom pains in all 
the limbs Fn^e days later there Aims severe general chorea and endocarditis, 
A\hich AAas rapidly folloAved by pericarditis and death In this case the 
cerebral symptoms first attracted attention 

In some rare cases the subcutaneous nodules liaA^e first attracted attention, 
in others, a rheumatic eruption 

In tile adult the disease may commence in the same insidious manner as in 
the child, but the acute articular disease is more usual, and Avhen fully devel- 
oped is characteristic There may be sore throat, chilly feelings, or even a 
iigor, and, aa itli these, general malaise, muscular pams, and aa eakness The 
articular s-ymiptoms sometimes develop aa ith great rapidity There is profuse 
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sweating ■which is but rarely seen in the child, and the sour odor ansing from 
this has long been pointed out as a feature of the disease If there is exces- 
sive sii eating a sudaminal rash not infrequently appears on the trunk The 
sufferer lies in bed, quite helpless and dreading any movement, many of the 
larger ]omts and sometimes the smaller ones are si\ ollen and extremely ten- 
der There may be a red flush over the articulations that are most severely 
attacked, and the implication of the tendons and periarticular tissues adds 
greatly to the distress Another feature is the rapidity with v Inch the inflam- 
mation passes from ]omt to joint, and also the rapidity with which lecovery 
may occui Neither m children nor adults is there any characteristic fever 
The temperature is moderately raised, 100° to 102° F , and often liighei m 
the adult than m the child In severe cases the tempeiature may oscillate 
considerably m the twenty-four hours A manifestation which is apt to 
raise the temperature considerably is a patch of bronchopneumonia 

AVhen much fluid is lost through sweating there is considerable tliiist, the 
appetite is poor, and the boivels constipated The pulse is usually moi c rapid 
than normal and the ivave large and easily compressible, and both in adults 
and children dilatation of the heart is common The mind is cleai and as a 
rule acute, not infrequently there is anxietj, mental distress, and insomnia, 
fiom the pain The respiratory system is not usually damaged The urine 
IS scanty, high colored, and strongly acid, the chlorides aie diminished and 
the urates increased Hfematopoiphyrm is sometimes present in consider- 
able quantities 

Course — ^There are few diseases ivliich run a more variable course than 
acute rheumatism In children it is impossible to give any definite lule, for 
it will greatly depend upon ivhether the heart is damaged Then again in 
children there repeatedly occur those cases of virulent rheumatism which are 
never very acute, but which on the other hand neier subside, week after 
W'eek, month after month, one manifestation after another appears, and w hen 
death ensues, eighteen months later, for example, it may be truly said that the 
child was neier free from rheumatism after the first onset of the sjTnptoms 
How closely this recalls the course of a chronic generalizing tuberculosis m 
childhood need hardly be insisted upon Nevertheless there are many cases 
in which, as m adults, the acute sjTnptoms have entirely disappeared in three 
w eeks In the adult it is the frequency of the articular type that gn cs a moic 
uniform character to the disease Yet men m this tjpe there is the same 
tendency to recrudescence of the sjTnptoms — oi, as they are generally 
termed, to relapses — ^wdiich may protract the illness oi er many w eeks 

Rccoiery is generally slow, and long after it is otherwise complete, the 
joints may remain stiff and the muscles tender A fatal termination is for- 
tunately rare, w hen it occurs the most usual cause is acute heart disease, but 
the most fatal complication is h'jqierpyrexna 

In this general description no separation has been made, as is so often done 
between ilieiimatism m the adult and rheumatism m childhood, for this 
separation is apt to gne an imperfect idea of the disease, and this more espe- 
cialh because it has been the custom to w nte of the disease in the adult as if it 
w ere the tj^ie Ne\ crtheless there is much practical r alue in due recognition 
of the special features of rheumatism in childhood, and these are put in tabu- 
lar form 

1 The onset is frcqiientlj insidious, w itli a prodromal stage m which lassi- 
tude, anaiinia, epistaxis, and epigastnc pam, etc , occur 
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2 The manifestations are more vaned, and, m accord with all mfective 
diseases, the system more generally invaded m the child The most frequent 
of these manifestations are 

a Choiea 

b Articular pains and swelling 
c Tonsillitis 
d Carditis 

e Er}i;hema multiforme 
f Pleunsy and pneumonia 
g Subcutaneous nodules 

3 The occurrence of heart disease is more frequent than in the adult, and 
for this reason acute rheumatism is more fatal in childhood 

4 Articular complications, though frequent, are less severe than in the 
adult 

5 Sweating is less common 

6 Nen ous symptoms are more often met with, notably chorea , but hyper- 
pyrexia IS less frequent 

7 There is a greater tendency for the child to drift into the rheumatic state 

8 Subcutaneous nodules are much more common 

9 Malignant rheumatic endocaiditis is less common 

10 The anaemia is often more profound 

After this preliminary account of the general symptoms of rheumatism it is 
necessary to study m more detail the important nsceral lesions Just as the 
wnter upon tuberculosis mil treat of general tuberculosis and then describe 
tuberculosis of each important organ, so must the wnter deal mth rheuma- 
tism m order to present with clearness a picture of its far-reaching effects 

The vanous manifestations of acute rheumatism are considered under the 
follow ing headings 

1 Those connected ivith the cardiovascular system 

2 Those connected w ith the joints, muscles, tendons, and fascise 

3 Those connected mth the nervous system 

4 Those connected ivith the lespiratory system 

5 Those connected w itli the cutaneous system 

6 Rarer manifestations (i) alimentary, (ii) geiiito-urmary, (m) miscel- 
laneous 

These subjects are dealt with only in so far as they form a picture of active 
rheumatism 

Cardiovascular System — It is the frequent implication of the heart that 
makes acute rheumatism one of the most formidable diseases in temperate 
climates , and the study of the heart affections is one of much practical impor- 
tance Expenmental eiadence has showm that a diplococcus wRicli is present 
m human cardiac tissues damaged by acute rheumatism, can produce endo- 
carditis, pericarditis, and fatty degeneration of the myocardium ivith dilata- 
tion of the heart both m rabbits and monkeys These animals may sometimes 
recover from this acute endocarditis and a healing lesion be found if they are 
killed later 

The chief cardiac lesions in man are (1) acute dilatation of the heart, 
(2) endocarditis, and (3) pericarditis In almost all the severe cases, how- 
e\er, the damage is a complex one, that is to say, the endocardium, myocar- 
dium, and pencardium, are affected, and to this condition the term “carditis” 
is often applied 
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There are very considerable differences in the de\elopinent of these 
lesions Sometimes the attack is rapid and severe, and m a short time the 
heart is terribly injured, m others there is an insidious onset and a gradual 
downhill progress, while m yet others the damage is as fleeting as that to 
the joints It is accordingly most essential to iccognize the earliest v ammg 
of heart disease, m order that the patient may be at once placed under 
strict treatment This ^^arnlng is, as a rule, acute dilatation of the heart, the 
importance of which has long been insisted on by D B Lees The evidences 
of it are the following (1) A slight nse m the frequency of the pulse rate 
(2) The cardiac impulse becomes diffuse and extends beyond the Acrtical 
nipple line (3) The area of deep or relative cardiac diilncss is inci eased 
to the left, and sometimes to the nght and up^^ard (4) The fiist sound at 
the apex becomes short, and the second sound m the pulmonary area is 
accentuated (5) A soft systolic murmur cannot infrequently be detected 
internal to the left vertical nipple line These are the earliest clinical signs 
of rheumatic heart disease, and this condition of dilatation may entirely 
disappear 

The lapidity with which dilatation may occur m the course of acute 
rheumatism is most remarkable, and this is true both of the adult and the 
child The explanation, how'ever, is not easy unless it be associated with 
some sudden damage to the caidiac ncries The patient shows but few' 
signs of cardiac dilatation unless it is acute and severe If he has not been 
confined to bed there is shortness of breath on exertion, with a sensation 
of faintness and w'eakness When more severe there aie musculai w eakness, 
pallor, restlessness, and w ell-marked dyspnoea 

Allusion has already been made to the production of m) ocardial disease 
in animals by cxpeiimental inoculations of the diplococcus, fatty changes 
ip the cardiac muscle fibers are thus produced, together with dilatation and 
antemortem thrombosis These facts aie both interesting and important, 
for there are exceptional instances on record m which death has also occurred 
in man from acute rheumatic dilatation of the heart, and these expenments 
afford strong support to the reality of dilatation of the heait m acute rheuma- 
tism In these lare and fatal cases of acute dilatation the sjTiiptoms are 
most urgent They are d'^spnoea, palloi, ^omltmg, and dehiium, the pulse 
IS lapid and feeble, and the lieait iriegular, wuth no palpable impulse 
The sounds become almost inaudible, although a mitral munnur ma> be 
heard m the region of the left nipple The end may be by sudden s'STicope 
In passing, the writer would also emphasize a definite group of cases m 
which the dilatation of the heart remains more oi less chronic and relapsing 
These are intractable m their course, and the patients suffer much from an 
iiritable action of the heart, fiom breathlessness and nenousness A super- 
ficial obsencr may miss the dilatation, and, heanng no murmur, dismiss 
such a case as functional In so doing a graie error is committed They 
recall a condition met w itli after influenza and some cases of diphtheria 

Endocarditis — Endocarditis is of more frequent occurrence than pen- 
carditis, and is an exceedingh important e\ent m the hlstor^ of acute rheu- 
inatisin The ^al^cs on the left side suffer more than those on the nght, 
although m childhood the tncuspid \al\e is not mfrequenth damaged to 
a small degree The tendency for endocarditis to attack the left side is 
also seen in expenmental endocarditis, and expenment further shows that 
the infection is bj w ay of the coronarj artenes This tells against the ^^ew 
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that the special invoh ement of the left side of the heart in acute rheuma- 
tism IS due to the presence there of arterial blood A single valve or more 
than one may be damaged, and in childhood multiple valvular lesions are 
common 

Acute simple endocarditis gives nse to but few sjmiptoms, and it fre- 
quently happens that a patient comes under observation with a valvular 
lesion of which he can give no clear history On this account there are few 
more important rules in medicine than “m all cases of suspected rheum- 
atism to examine the heart repeatedly” A rise m temperatuie of a 
degree or more, accompanied with pain in the chest, palpitation, and bieath- 
lessness, are suggestive, and examination of the heart may show that the 
action IS unduly lapid, and that there is some dilatation, a brmt may be 
audible m an area dependent upon the particular valve that is attacked 

(а) Mitral Endocaiditi ^ — The first result of this lesion is legurgitation, 
which shows itself by a soft systolic murmur audible at the apex and traceable 
toward the axilla In some cases there is a prolongation of the first sound 
before the biuit appears, and another important physical sign is a persistent 
reduplication of the second sound at the apex, which points to a thickening 
of the initial segments Lastly, it is not unusual to hear in the child a to 
and fro murmur over the apex, which is of mitial and not aortic significance 

(б) Aothc Endocai ditis — ^The first result of this is aortic regurgitation 
Experimental inoculations have caused aortic and mitral endocarditis in 
animals, and also aortic endocarditis without any other valvular lesion 
In man, also, aortic endocarditis may occur as a solitary lesion, although it 
is more usually combined with the mitral lesion, both resulting from iheu- 
matic inflammation The physical signs which direct attention to aoitic 
disease in the couise of acute rheumatism are the following (1) Cardiac 
excitement, (2) a loss of definition of the aortic second sound, and (3) the 
appearance of a soft diastolic and sometimes also a transient systolic murmur 
In children it should be remembeied that the aortic diastolic murmur is 
frequently heard more distinctly to the left of the sternum 

The combined aortic and initial lesion is a very serious and not very rare 
occurrence m childhood, and m severe cardiac rheumatism the possibility 
of this double lesion must always be remembeied It is more common m 
the male than in the female Acute endocarditis, if it is severe, soon leaves 
its impress upon the features of the patient, and this is particularly the case 
•vnth the aortic lesion in childhood The antemia m these cases is well 
marked, and the stnking pallor and forcibly pulsating artenes tell their 
own tale 

On the other hand although a slight mitral lesion cannot be detected 
from the aspect of the patient, when it is more severe there is soon noticed 
a congestion of the bloodvessels of the lips and cheek, which with the purplish 
tinge of the blood suggests the lesion before the heart is examined In acute 
endocarditis oedema, if present, is slight, but in children the face is some- 
times puffy, and an appearance results indistinguishable from that of renal 
disease 

The siihacidc type of inflammation, vhich leads to much fibrosis and 
contraction, is veil illustrated by mitral stenosis This form of rheumatism 
is more frequent in the female than in the male So insidious is the onset 
of this that it may not attract attention Nevertheless, a caieful study of 
rheumatism in early life proAes that it is associated with continued sub- 
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acute rheumatism In those prolonged cases of chorea, for example, Inch 
drag on for months, and which frequentlj' relapse, this stealthy process can 
often be traced, surely and slowly cnpphng the heart 

It would be out of place here to dwell w’lth any detail upon the symptoms 
of mitral stenosis, for it is a chronic affection, but it wall be adinsable to 
touch upon some of the early indications which fall into three classes 

1 There may be the signs of a slight mitral regurgitation, which dis- 
appear, to be followed by a progressive abruptness of the first sound Later 
this abrupt first sound is noticed in association with a rumbling murmur 
which IS diastolic, mid-diastohc, or presystohc m time, an accentuated pul- 
monary second sound, and a presystohc thrill 

2 Without any signs of mitral regurgitation, a progressive stenosis, as 
described above, may develop 

3 Most commonly the signs of stenosis develop m the presence of a 
persisting mitral regurgitation 

The malignant type of rhcimaiic inflammaiwn is, in the writer's opinion, 
illustrated by some cases of malignant endocarditis in patients w'lio hav'e 
suffered from rheumatic fever General opinion holds that malignant 
endocarditis is essentially a different disease to rheumatism , but the evidence 
in iavor of the view' that some of these cases are rheumatic is very strong 
In the fiist place all members of the micrococcal group to which the diplo- 
coccus belongs are capable of producing malignant endocarditis, and it is 
highly piobable that this diplococcus, vihich so often attacks the heart, 
w'ould also produce the same condition Again, if the clinical histones of 
cases of malignant endocarditis are investigated the most frequent ante- 
cedent IS found to be acute rheumatism Some cases, moreover, commence 
with an onset indistinguishable from acute rheumatism, and exlnbit during 
then course manifestations of the disease, the likeness, in fact, may be so 
close that ev'en to the end of life it may remain doubtful whether it is simple 
or malignant endocarditis from which the patient is suffering The late 
Dr Andrew es. Osier, and others, have long pointed out that malignant 
endocarditis may directly follow acute rheumatism 

^ These are m themselv es suggestive facts, although 

the view that a secondarj' infection has been grafted 


upon the rheumatic one can still be maintained for 
their explanation When, however, we turn to ac- 
curate expenment there is much more definite evi- 
dence Paine and the w nter show ed in 1902 that, 
some of these cases of mahgnant endocarditis, w ith 
a rheumatic history, the diplococcus can be obtained 
pure culture, and can further produce m rabbits 
V simple and mahgnant endocarditis, but 

cvcr> stage between them Again, with the diplo- 
coccus isolated from simple endocarditis of rheu- 
matic ongin, it is possible to produce' not onlv the 
MniiCTinf cndocirditis of multiple lesions of acutc rheumatism but also ma- 
i)\ intn\cnous injection of ugiiant enaocarclitis L.astlv , a hrst inoculation mav' 
JntV^n’'A?bT‘' produce simple endocarditis and another six months 

later produce the malignant t^-pe m the same ani- 
mal Further, these cxpcniiicnts teach that the test of the mahgnancv of 
a case of eiulocanlitis is not the fungation of tlic v egctations, but the activity 

vou2 — 14 
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of the diplococci m the valve The vegetations may be minute but the ma- 
hgnaney great, and the vegetations may be exuberant and yet the ease be 
subacute Although often called artenal pyaemia, suppuration in these 
forms of malignant endocarditis is rare both m men and animals, although 
white mfarcts are commonly discovered in both The virulence of the infec- 
tion sufficiently explams the “septic” type of these cases This condition 
IS fortunately a rare one and doubtless requires seeondary eauses to aid in 
its production Among such causes are previous damage of the valves by 
former attacks of acute rheumatism, constitutions debilitated by unhealthy 
surroundings, the puerperal state, and probably ansemia 

The malignant type of endocarditis is to be suspected Avhen there is a 
persistent and irregular fever and the appearance of the patient suggests 
severe poisonmg In a considerable number of cases there is a history of 
previous attacks of cardiac rheumatism, and m some ngors occur, which 
may be repeated and yet no abscess formation result One striking feature 
in the heart is the persistent excitement The eardiac murmurs may be 
unusually loud, or vary in character Aniemia, sweatmg, diarrhcea, infarc- 
tion, and purpura, are also important symptoms of this tjqie Some of these 
cases run a very protracted course, extendmg over months, others prove 
rapidly fatal 

The malignant type is rare m childhood There is below a brief description 
of one such case ivhich illustrates the points aheady emphasized A B , 
a boy aged ten years, had for six wrecks before he came under observation 
suffered from precordial pam and attacks of diarrhoea Upon exammation 
severe endocarditis of both the aortic and mitral valves was discovered 
A year preinously he had suffered from rheumatic fever, as had also one of 
his brothers When he first came under observation he was anaemic, and 
there w^as irregular fever Three days later pericarditis developed, from 
W'hich a slow recovery took place A month later multiple arthritis appeared, 
and the attaclts of diarrhoea, vomiting, and irregular fever continued The 
arthntis also disappeared, as had the pericarditis, and then, durmg the 
next month, signs of infarction showed m the kidneys and spleen, and at 
length, after three months of irregular fever, the boy died The necropsy 
shoAved a generally adherent pericardium, the adhesions w^ere subrecent 
There Avas malignant endocarditis of the aortic and mitral valves and Avliite 
infarcts m the kidneys and spleen No focus of suppuration wms found 
The diplococcus w^as isolated from the vaNes m pure culture and six rabbits 
w^ere moculated rntraA^enously In three malignant endocarditis resulted, 
in one pericarditis, and m two dilatation of the heart with fatty degeneration 
and antemortem thrombosis 

It wull be CAudent m this case that there was no reason for assuming some 
additional septic infection, and the mterpretation seemed inevitable that the 
rheumatic mfection itself had displayed an unusually severe local Airulence 

Pencarditis — ^The most serious form of heart disease m rheumatism 
next to malignant endocarditis is pencarditis, yet this is not so much on 
account of its mtrmsic harmfulnesS as on account of the severe type of 
mfection which accompanies it, and the involvement of the myocardium 
It IS more frequent m childhood than in adult life The most characteristic 
examples deAelop withm the first w^eek of the acute rheumatic attack, but 
there is no period during the illness m w'hich it may not appear There are 
three chief tjqies 



ACUTE RHEUMATISM, OR RHEUMATIC EEVER 


691 


1 Simple acute pencarditis 

2 Chronic relapsing, adhesne pencarditis 

3 Malignant pericarditis 

1 The early symptoms of acute pencarditis are a nse of temperature, 
prccordial pain and dyspnoea The pulse is evcited and the tension lo^^ 
Pericardial friction is usually detected within twenty-four hours, at the 
base of the heart, and may rapidly become audible o\cr the entire cardiac 
area A moie unusual symptom is delirium The distress in the adult is 
great, and show's itself in the anxious face and orthopnoea, on the other 
hand, some children show curiously little discomfort The great enlarge- 
ment of precordial dulncss, so frequent jn pericarditis, is chiefly the result 
of dilatation of the heart, and not of a large effusion Ill-omened sjmip- 
toms are vomitmg, restlessness, delirium, and lividity, coupled with pro- 
gressive signs of cardiac failure A first attack of pericarditis is not as a 
rule fatal, but this manifestation is the most frequent cause of death in acute 
rheumatism 

2 The chronic adhesive tjqie is frequently met with in childhood This 
form IS subacute, but very intractable, and gn es nse to complete and dense 
pencardial adhesions It may be associated with mediastimtis, pleuritis, 
and sometimes also pcntonitis , and it is probable that some of those remark- 
able cases named by Amencan w’nters — who have contnbuted much to 
our knowdedge of them — multiple serositis, are the result of rheumatism 
of this type 

3 The malignant t^’pe is rare and best illustrated by the follow ing account 
of a fatal case C D , aged seven years, had an attack of rheumatic fe^er 
when SIX and one-half years of age, from wdiich he had recovered Three 
weeks before he came under observation he was attacked by pains in the 
elbow's, shoulders, w'nsts, and fingers, follow'ed a few’ dajs later b^ pre- 
coidial pain and dyspnoea His condition from the first w as serious There 
w as advanced mitral disease, he w as pale and thin, and there w’cre numerous 
ihcumatic nodules His illness extended over three months, and throughout 
there w as irregular fever, each day the temperature rising to 102° to 104° F , 
and until the last w'cek it nc\er reached the normal Throughout this time 
the heart was persistently excited, and the idea of pencarditis was repeatedly 
suggested, but no definite fnction rub could be detected Crops of nodules 
came out and the boi gradually sank and died The necropsy showed a 
pcncardium greatly thickened and generally adherent, partly with sub- 
recent adhesions and partly with recent plastic exudation The left pleura 
showed a recent pleunsi The mitral lahe showed thickening and a few 
icccnt icgctations, as did also the tncuspid, the other lahes were normal 

In this case, as was shown b'v the extensile pencarditis and the great 
thickening of the pencardium, there had been a persistent and progressne 
pericarditis extending o\cr probably the entire three months 

The Blood — ^This is much impoienshed bi acute rheumatism, and ex- 
treme c\cn fatal anremia inav result Dunng the acute phase there is a 
rapid fall in the number of the red corpuscles, and this anaimia mai be lery 
obstinate A moderate leukoci tosis is frequent, and there is in exceptional 
ea'^es a lery marked increase It is difficult and exceptional to succeed in 
demonstrating the dqilococci in the blood, for thei arc localized in the 
larioiis lesions This can, lioweicr, be done when the disease is len seicre 
and gencrihzcd, and thci can be also occasionalh detected m the poh- 
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morphonuclear leukocytes Lastly in profound rheumatic poisoning there 
may be great haemolysis 

The ^tenes, OapiIIanes, and Veins — ^Legroux has recorded acute 
artentis, the mflammatory changes commencing in the intima immediately 
beneath the hnmg endothelium Barre has also recently described an acute 
artentis of the trachial artery attnbuted to acute rheumatism In the sub- 
acute lesions, which last over a considerable period of time, a perivascular 
fibrosis occurs wluch must, by contracting the lumens of the minute arterioles 
and capillaries, interfere with the circulation of the affected part — synonal 
membrane, pencardium, etc — and thus assist in contnbutmg to the indolent 
nature of the lesions It is an interesting speculation whether this process 
may not, when on an extensive scale, be a factor in artenocapillary fibrosis ^ 

Phlebitis with venous thrombosis may be a result of the rheumatic 
infection In 7 cases under the writer’s observation this took place m the 
large tributaries of the superior vena cava This complication is to be sus- 
pected when a localized oedema of a limb, or of the chest or face, appears 
somewhat suddenly If with this there is tenderness along the course of the 
veins, dilatation of collateral vessels, and lastly the sensation of a thick cord 
in the position of the vessels, the diagnosis becomes assured French 
observers, however, have stated that its occurrence is more frequent in the 
lower extremities 

Articular, Fascial and Muscular Rheumatism — ^Arthntis is the most 
stnliing evidence of acute rheumatism It is a symptom which in adult life 
comes into such prominence that it has been looked upon as a disease in 
itself, and termed acute articular rheumatism The objection to this has 
been already explained There is, also, another term in use which must be 
mentioned here In many wntings there are found such expressions as acute 
tuberculous rheumatism, gonorrhoeal rheumatism, syphilitic rheumatism, and 
by these are imphed an arthritis which is acute, transient, and non-suppu- 
rative This is a most confusing use of the term rheumatism and one that is 
better abandoned Every purpose is served by naming the above conditions 
acute tuberculous arthntis, acute gonorrhoeal arthritis, or acute syphilitic 
arthntis, and the assumptions are avoided that they have any connection 
with rheumatism, or that rheumatism is necessanly a transient arthntis 

Rheumatic arthntis is generally polyarticular and the larger joints, knees, 
ankles, shoulders, and hip, are those most frequently attacked It may, 
however, be monarticular No distinction, however, can be drawn between 
arthritis deformans and rheumatic arthritis from the frequency with which 
the laiger joints are attacked, for in childhood the small articulations of the 
hand and fingers are often the seat of rheumatic inflammation and the hands 
may closely resemble the appearance presented by the acute form of arthritis 
deformans In some cases in childhood the great-toe joints may resemble 
those of a gouty man The acute course of the inflammation and the impli- 
cation of the tendons surrounding the joints render the aithritis extremely 
painful There mav be much or little exudation, or there may be great pain 
with no very definite signs of arthritis at all The articulations are hot 
and tender, and there is often a red flush over them or over the surround- 
ing tendons 

' Recently in a rabbit by intravenous inoculation, Paine and the writer have 
produced aortitis mth calcification of the first part of the aorta The lesion occurred 
in three w eeks and there was also multiple arthritis 
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In animals arthritis is easily produced by mtravenous inoculation of the 
diplococcus, and in them, too, the neighbormg tendons are involved Fur- 
ther, the stages of the process in animals can be studied in all its phases 
There is at first a deposition of the micrococci m the subendothelial con- 
nective tissue of the synovial membrane, and, with this, much capillary 
dilatation, even capillary hemorrhage The endothehum is phagocytic, 
and numerous leukocytes pass into the subendothelial connective tissue, 
and by these means the micrococci are destroyed The exudation, at first 
clear or blood stained, later becomes fibnnous, and if the arthritis is very 
severe much of the endothehum is destroyed and many leukocytes and 
endothelial cells, together with diplococci, pass into the sjmovial cavity 
The capsular tissues also swell and become gelatinous in appearance, and 
expenment teaches that this imphcation of the periarticular tissues adds 
greatly to the duration of the arthntis and explains the stiffened and painful 
joints which are so often met with m man ^ 

It IS because rheumatic arthntis is often a simple synovitis, and probably 
because the diplococci are rapidly destroyed m the tissues, that it usually 
runs such a rapid course This is a pnnciple not only true for rheumatism 
but for every infective arthritis Most experienced physicians have, for 
example, met with a transient arthritis m pyiemia This m the writer’s 
opinion should not be explained as a rheumatic arthntis, but as a mild 
pysemic infection of the particular joint in which the more destructive 
processes did not develop because the bactena were destroyed The con- 
verse IS equally true A rheumatic arthntis may be most obstinate and be 
followed by grave changes m the bones and cartilages of the joints, yet this 
IS no good reason for calling it non-rheumatic Though it is unusual for 
pyaemia to cause a simple synovitis or for rheumatism to cause a destructive 
arthritis, both are occasional events A condition of osteo-arthntis and also 
a chronic synovitis can be produced by the “diplococcus rheumaticus” 
in rabbits 

In man it is not rare to find one joint m articular rheumatism remain 
obstinate and painful, and m those cases there will be found considerable 
penarticular swelling, and the joint may remain permanently crippled 
Thus the three types of rheumatic inflammation are illustrated by the usual 
transient metastatic arthntis, the less common chronic relapsing periarticular 
type, and the least common acute severe arthritis m which the joints may be 
drained by the surgeon and classified as “septic ” 

It IS noteworthy that a local inoculation of the micrococcus mto the knee 
joint m a rabbit, will, as Shaw pointed out, sometimes be a cause of endo- 
carditis 

The tendons are often damaged m acute rheumatism by an inflammation 
of their sheaths, m the acute stage ganghform swellings may appear, and 
as a sequel painful adhesions sometimes result The periosteum also may 
be attacked and painful, fixed, penosteal nodes develop A more chronic 
process of this nature accounts m some measure for the so-called “grownng- 
out” of bones m rheumatic children 

The most interesting and remarkable of the inflammations m the con- 
nective tissues are the subcutaneous nodules These are the result of a 

'This IS certainly not true of the arthritis of acute rheumatic fever as seen m 
Baltimore It is exceedingly unusual for any local joint conditions to persist after 
the attack — Editor 
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local deposit of the diplococci in the subcutaneous tissues The usual 
changes result, viz , swelling of the connective tissue, dilatation of the 
blood capillanes, exudation, and necrosis of the most damaged area The 
microorganism, as m other rheumatic lesions, is destroyed by the h-\ang cells 
These nodules are not, as they are so often termed, fibrous nodules, but 
inflammatory exudations When, however, the inflammation is chronic, 
some fibroid change may occur m the necrotic area Nodules can be pro- 
duced m labbits by injection of the diplococcus In size they vary from a 
pin’s head to an almond, and are often better seen than felt, if the slan 

Fig 69 



The diplococcus rheumaticus m a rheumatic nodule 

over them is gently stretched and the light is thrown obliquely In rare 
cases the slcin over them is reddened and they become adherent to it, and 
slightly tender, but it is interesting to notice how little discomfort these 
nodules usually cause, even when they are developing rapidly and in num- 
bers This manifestation is much more common m childhood and it is one 
V Inch vanes also m frequency with different outbreaks of rheumatism The 
nodules should be looked for over the bony prominences and along tendons, 
as, for example, upon the bony processes around the elbow joint, the edges 
of the patellse, along the tendons of the extensors of the fingers and toes, 
over the panetal and occipital bones, around the ankle joints, over the 
1 ertebral spines, along the crests of the ilia, and on the spines of'tlie scapulie 
They may appear and disappear m three days, and cannot for this reason 
be essentially fibrous 

Their great clinical interest lies m their frequent association with severe 
cardiac rheumatism This is not an mvanable occurrence, for occasionally 
they are almost the only rheumatic sjmiptom, but as a general guide the 
rule (which we owe to Cheadle) that rheumatic nodules are associated with 
se^ere heart disease is a valuable one Their diagnostic value is also con- 
siderable, for although nodules are met vnth m arthntis deformans, gout. 
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and erythema nodosum, these generally differ m their distribution or 
appearance They must as a rule be searched for, although there are ex- 
ceptional instances m which the parents or patient have made the discover} 

A condition upon which accurate knowledge is more difficult to obtain 
IS that of inflammation of the muscles and their fascia “Muscular rheu- 
matism” may arise from different causes, and to ascertain m how many 
cases it is truly rheumatic is most difficult Froriep descnbed m musculai 
rheumatism the occurrence of locahzed swellings in the muscles, and recently 
Stockman has investigated the subject from the standpoint of chronic rheu- 
matism These swellings are locahzed connective tissue inflammations 
which when chronic produce fibrous nodules or strands in the muscular 
tissue These nodules or strands may hamper muscular action or press 
upon nerve fibers In acute rheumatism A E Garrod has noted the occur- 
rence of a node of this kind in a child, and m one case the wnter has seen a 
similar one in the left pectorahs major The following case is an example 
in an adult M B , aged forty-nine years, was admitted to University 
College Hospital suffenng fiom acute articular rheumatism The knees, 
ankles, elbows, and wnsts, were swollen The temperature was irregular, 
and vaned each day from normal to 101° F The heart was dilated, but 
tj.iere was no organic valvular lesion There was continual complaint of 
pains in the arms and forearms, which she described as feeling as if they 
were beaten On careful palpation, six of these nodules could be felt situ- 
ated deeply in the nght deltoid and the extensor longus digitorum The 
case was of great seventy It ran a protracted course, but eventually re- 
covery ensued and the nodules slowly disappeared 

It IS probable that the stiff neck, pleurodynia, lumbago, and tender feet 
met with in the rheumatic, are the result of ehanges of a similar nature 

Manifestations in the Nervous System — Acute rheumatism is a disease 
which frequently damages the nervous system, and m its most severe form 
IS often called “cerebral rheumatism” It has been frequently observed 
that children of rheumatic parentage are often highly nervous and prone to 
headaches, night terrors, and insomnia — facts which should not be lost 
sight of by those who have their general management 
' Chorea — There is perhaps no more remarkable condition than chorea, 

and at the present time no disease promises more hopefully than this to give 
a clue to the explanation of functional nervous disorders Its association 
with rheuma ism has been noticed for more than two centuries, and yet the 
complete explanation of the symptoms remains one of the most difficult 
problems of the subject, because of the ranty vnth which opportunities occur 
for investigating the condition after death These facts, however, have been 
ascertained 

1 Chorea is associated very frequently with acute rheumatism 

2 The association is of such a close nature that chorea, when rheumatic, 
must be looked upon as a manifestation of that disease 

3 The more carefully he examinations of the brain are conducted after 
death the more frequently are some definite lesions found 

4 Investigators have isolated micrococci from the meninges, cerebrospinal 
fluid, and brain, m fatal chorea 

In illustration of this last fact allusion must be made to an important case 
which was published by Westphal, Wassermann and Malkoff, in 1899 
These investigators from a fatal case of carditis and chorea in a girl, isolated 
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a minute diplococcus wluch produced polyarthntis in a senes of 80 rabbits 
In 1900, Paine and the writer observed remarkable twitching movements m 
a rabbit as a result of an intravenous inoculation of a diplococcus obtained 
from a case of fatal rheumatism This microorganism was similar to that 
descnbed by Wassermann Since that date similar movements m rabbits 
have been observed by Fritz-Meyer, of Berlin, and Beattie, of Edinburgh, 
in both cases they were results of inoculations of a similar microorganism 
Still more recently Cole has noted mvoluntaiy twitching movements from 
the injection of other streptococci 

It cannot however be pretended that chorea has been reproduced, for m 
chorea the ini olvement of the highest nervous centres — ^the intellectual and 
emotional — ^stamps it as a human disease Nevertheless it is an interesting 
fact that such movements should have been produced by these inoculations 
and that the microorganisms have been demonstrated by Paine and the 
riter m the pia mater and m the blood capillanes passing into the motor 
cortex of the animal’s brain Since that date, also, they have isolated the 
diplococcus immediately after death from the cerebrospinal fluid of three 
further cases of rheumatic chorea, and by cultures from one of them have 
produced in rabbits not only arthritis, but also endocarditis and pericarditis ^ 
The explanation of rheumatic chorea that naturally suggests itself is that the 
microorganisms gam a foothold in the meninges and brain and probably also 
in the spinal cord, where, partly by the poisons that are produced and partly 
by the local lesions, they give rise to the phenomena Whether, as Triboulet 
(pere) maintained, the penpheral nerves also suffer m chorea, is uncertain 
At the present time it seems mad^^sable to claim all cases of chorea as rheu- 
matic, for it IS but reasonable to suppose that other allied microorganisms 
may possibly in a lesser degree produce chorea Upon tlus point more 
evidence is needed 

Chorea is far more frequent in childhood^ than in adult life, and the fre- 
quency with which it occurs m the young without any symptoms pointing, 
on the one hand, to an infection, or, on the other hand, to any excitant cause 
such as fnght, is remarkable It appears at any period m the course of an 
attack of rheumatism The onset is generally insidious, sometimes acute 
Among important warnings are night terrois, irritability, worrying over 
school work, and headache The last is a remarkably constant sjonptom 
The chief types of chorea are the general, hemiplegic, paralytic and maniacal 
The course varies greatly An acute case may end abruptly Slight and 
insidious cases may drift on for months, and there are some m which the 
movements last for years Death from chorea is very rare, but the super- 
vention of pericarditis, or, more rarely, hyperpyrexia, sometimes leads to a 
fatal termination In adult life chorea is unusual and the majority of cases 
occur m women, m whom pregnancy, it is well known, increases the severity 
of the disease 

* Gordon Holmes and the writer, Lancet, October 13, 1906, have investigated 
3 fatal cases of chorea, including one in pregnancy, and found these changes in 
the nerve cells (1) practically all the cortical cells were affected, being swollen and 
distended, their tigroid had partly disappeared and their nuclei stained more deeply 
than normal (2) In some of the cells, the nuclei were shrunken and deformed v, ith 
the outline of the cell bodies indistinct There were also small areas of cortical 
softening 

^ The V nter’s youngest patient was aged two years and nine months, she began to 
show signs of mitral stenosis at three years 
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Cerebral Rheumatism {Grams) — ^The most severe form of cerebral 
rheumatism is associated with hyperpyrexia, and is, in England, usually 
termed rheumatic hyperpyrexia These cases are fortunately rare The 
Continental term “cerebral rheumatism,” is preferable to that of rheumatic 
hyperpyrexia, for grave symptoms may arise without extreme fevei , and, 
although the fever is a most important and valuable sign, the general symp- 
toms are not entirely due to it, but are also a result of the profound toxae- 
mia 

The onset occurs as a rule m the third or fourth week of the active disease, 
although it may also supervene aftei the temperature has remained normal” 
for more than a fortnight Unfortunately there aie no means of discovering 
in what cases this particular danger exists, and it may supervene so rapidly 
that the medical attendent is completely taken by surprise Warning symp- 
toms are headache, dehnum, sleeplessness, and vomiting In some cases 
there is cutaneous hypersesthesia, in others, frequency of micturition 
When the condition is more advanced the mental disturbances become more 
senous, seim-consciousness supervenes, with spasmodic twitchings and irreg- 
ular breathing, the pupils are contracted and the eyes widely open, the 
pulse increases m rapidity and the face becomes livid The temperature 
may rise gradually and then leap up to 108°, 109°, and 110° F , or it may 
nse abruptly from the normal to hyperpyrexia In some cases the other 
rheumatic symptoms abate when this condition supervenes Death occurs 
in over 50 per cent of the cases which are not promptly treated, and is almost 
invariable if the temperature rises above 106° F Many patients die even 
with prompt treatment Cerebral rheumatism is not always of this exceed- 
ingly severe type, and cases occur in which dangerous symptoms such as 
delirium, high but not extreme fever, and headache, are met with and then 
abate, and this may occur more than once in the course of a single attack of 
rheumatism 

It is exceptional to find any gross cerebral lesion after death, but the sub- 
joined case illustrates the occasional occurrence of meningitis C S , a boy 
aged thirteen years, was admitted on August 26, 1904, into University College 
Hospital, for arthritis of the ankles and knees, and pains across the chest on 
drawmg breath The illness had been of four days’ duration The boy’s 
father had suffered from rheumatic fever, but the patient, with the exception 
of adenoids, had been healthy His illness w'as to all appearances a sharp 
attack of rheumatism The heart ivas dilated, and a systolic murmur could 
be traced from the impulse to the axilla Both knees were swollen, but there 
were no other signs of acute rheumatism The temperature on admission 
was 103 6° F On August 28 there was some pain in the left hip joint, but by 
August 30 all swelling of the joints had disappeared and the temperature had 
reached normal Salicylates were continued m small doses, and he did well 
until September 17 On that day he complained of headache and was sick 
In the evening his temperature rose to 102 4° The next day headache and 
vomiting continued and the temperature rose to 103 6° F , on this account he 
was sponged and seemed better Early next morning he became uncon- 
scious, with wndely dilated and fixed pupils Muscular ngidity was noted on 
both sides of the body This was general m distnbution and alternated wnth 
flaccidity The temperature in the axilla was 101° F at 8 P M and 102 4° F 
at 1 A M At 11 30 A M the boy ■was comatose The temperature in the 
rectum wms 106 4° All treatment proved unavaihng, and he died at 7 40 p ai 
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The necropsy show ed early endocarditis of the mitral valve in the process 
of heahng, shght and recent pleuropencarditis, and cerebral and spinal 
meningitis The menmgitis w'as plastic m type and distnbuted mamly over 
the base of the bram There w^as no focus of suppuration 

Rheumatic Spinal Lesions — ^There is much uncertainty about these lesions, 
and the question is complicated by the occurrence of arthritis as a result of 
nervous diseases This makes it difficult to decide m doubtful cases wdiether 
the primary cause is a nervous one and the arthntis a symptom of it, or 
whether the nervous disorder and the arthritis are both results of some 
general infection such as acute rheumatism An interesting example of a 
probable rheumatic paraplegia is quoted by A E Garrod m his monograph 
on rheumatism The patient, a case of Alexander Raynault’s, was a man 
aged tw^enty-four wffio had passed through repeated attacks of rheumatic 
fever His illness commenced with loss of power m the legs and sphmeters, 
and was looked upon as an acute diffuse myelitis Recovery of powder com- 
menced to show itself m twm days, and was follow'ed by multiple arthntis, and 
this in turn by endocarditis and lastly by pneumonia and pleunsy Other 
interesting examples are quoted by Garrod In addition to these more aeute 
conditions of transverse myelitis it would be interesting to study aeute ante- 
iior poliomyelitis and disseminated sclerosis with a view to discovenng 
whether one of their causes may not be acute rheumatism 

The peripheral nerves also suffer, and there may result either a symmet- 
ncal peripheral neuntis or a local neuntis This may give nse to well-marked 
sensory symptoms such as tingling, numbness, and partial anaesthesia, or to 
rapid muscular atrophy and trophic changes Severe neuralgia, not infre- 
quently affecting the scalp, may also be a result of acute rheumatism, and m 
some of these cases fugitive sw'elhngs apparently oedematous in nature may be 
detected over the tender points 

In exophthalmic goitre, as Samuel West has pointed out, there is a history 
of a preceding attack of acute rheumatism more often than wmuld seem likely 
from the explanation of coincidence, it is nevertheless difficult to trace the 
association of these two disease Insanity is an occasional event, wffiich may 
be m type melancholic, maniacal, or both combined Whether or npt it is a 
truly rheumatic condition is at present undecided 

Respiratory System — ^The occurrence of tonsillitis in acute rheumatism 
has been remarked upon for many years Stnking examples occur which 
leave little room for doubt that the throat is one channel of infection In 
1900 Paine and the author isolated from a patient wnth tonsillitis a diplococ- 
cus which resembled in all respects the one they had already isolated from 
such rheumatic lesions as endocarditis, pencarditis, and arthntis, and it led 
to similar expenmental results These facts suggested the conclusion, long 
suspected, that invasion could be through that channel Fntz-Meyer 
shortly afterward pubhshed some important investigations upon the subject, 
although these lacked conviction because hehad failed to find themicroorgan- 
ism a diplococcus of similar nature — in other rheumatic manifestations 
Recently Frisswell in Amenca has confirmed Meyer’s observations It 
is clearly most hazardous to draw deductions as to the causation of rheuma- 
tism from cultures taken from the throat alone 

The usual appearance of the "sore-throat” in aeute rheumatism is a diffuse 
redness with some swelling of the tonsils and the palatal mueous membrane 
Follicular tonsillitis is also met wnth, and, less commonly, a condition closely 
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resembling diphtheria, or that foimd m some cases of scarlet fever The 
tonsilhtis m acute rheumatism is often but slightly painful, and for that rea- 
son easily overlooked In childhood it may occui as an isolated event m the 
prolonged history of a rheumatism, and may probably be then interpreted as 
a successful effort on the part of the tissues to destroy the invading micro- 
organisms, either entirely at the local site, or to such an extent that those 
which entei into the system are unable to produce detectable visceral lesions 
There is no relation between the seventy of the sore throat and the gravity of 
the attacks of rheumatism 

Lungs and Pleura — ^Rheumatic pleunsy is a common occurrence, and 
can be expenmentally produced m animals It is met with in the majonty 
of cases m which there is severe pencarditis, and adds greatly to the suffenng 
of the patient It is a serofibrinous inflammation which m the process of 
resolution is very hable to give nse to adhesions Adhesions are frequently 
discoveied between the pencaidium and the adjacent surfaces of the pleuia 
in fatal pencarditis, and the physical signs of pleunsy m that situation are 
characteristic In addition to pain m the chest, there is pleuropencardial 
fnction which must be distinguished from pencardial fnction Pleuro- 
pencarditis is a painful comphcation of pencarditis Should it occur alone 
it must not be mistaken for pericarditis itself, for the prognosis is far less 
grave m pleuropencarditis, where the outer surface only of the parietal 
pencardium is damaged, than m pencarditis, which is essentially a disease 
of the heart itself 

Rheumatic pleunsy may and frequently does occur without pericarditis, 
but how often as a solitary rheumatic manifestation is a disputed point 
Nor does one see how an agreement can be come to upon it, since rheumatic 
pleunsy tends to get well and seldom needs surgical measures Nevertheless 
at the present time when the statement is so frequently made that simple 
pleunsies are tuberculous, this form needs to be taken into account There 
IS nothing peculiar m the symptoms 

Pneumonia occurs in the severe types of acute rheumatism, and also 
results m animals from expenmental inoculation It is usually a broncho- 
pneumonia The temperature nses rapidly, and an unusually high fever m 
acute rheumatism, apart from hyperpyrexia, should always suggest the 
possibility of pneumonia This is a point of some practical importance, 
for there is a natural desire not to distress a patient suffenng from articular 
rheumatism by movement, and thus the occurrence of pneumonia may be 
overlooked There may be a considerable area of collapse around the 
pneumonic patch, and this gives the impression of a condition more extensive 
than that which actually exists The consolidation may clear up with great 
rapidity, although the temperature may remain elevated because of other 
manifestations Lastly, as in other forms of bronchopneumonia both lungs 
are hable to simultaneous involvement 

Acute 'pulmonary oedema is a very rare manifestation In the three cases 
observed by the writer, all were comphcated with carditis One recovered, 
two rapidly died The necropsies showed an oedema comparable to that 
in nephritis, involving the upper lobes of the lungs more than the lower 
The physical signs are charactenstic, for, Muth great embarrassment of 
respiration, there appear mnumerable fine crepitations The ladneys do 
not show gross changes There is a possibility that very large doses of 
salicylate of soda may predispose to this highly dangerous condition 
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Bronchitis — The e\idence of a rheumatic bronchitis is not certain 

Laryngeal AJfections — ^Rheumatism of the cnco-aiytenoid joints, with 
some larjmgitis, have been recorded by Hirsch and other wnters 

Cutaneous Manifestations — ^The eruption most commonly seen is a 
form of erj’thema — an erythema marginatum or an erythema papulatuin 
Erythema marginatum appears over the trunk and extremities in the foim 
of rings, which are sometimes mistaken for nngworm The rings are pink, 
slightly raised, and encircle skin of a livid color In size they vary con- 
siderably, and seveial may coalesce into large gyrate areas There are but 
few sjunptoms accompanjnng this eruption, but there may be some local 
tingling and irritation As the rash fades it leaves a stain, and if, as is some- 
times the case, there have been hemorrhagic areas, these discolored patches 
last for a long time In erythema papulatum the papules vary m size, are 
usually symmetncal, come out in crops (especially upon the dorsal surfaces 
of the extremities), and fade leaving a stain In color they are bluish-pmk 
In both these eruptions there is often a hemorrhagic element Bullous 
eruptions are also met with in which the bulliB contain a clear fluid as in 
pemphigus 

Purpura is also seen during an attack of acute rheumatism Small mac- 
ules appear particularly over the lower extremities, and occasionally a 
curious iiiegular network is formed by interlacing lines of purpura Some- 
times the purpura is severe and accompanied by samous bullae 

A scarlatimform eruption has also been descnbed In one case under 
observation there was a general erythema of the scarlatinal type, but laclcing 
in the punctiform character There was no reason to believe that it was a 
case of seal let fever, and there was no desquamation, although the latter 
occurrence would not have disproved the rheumatic ongm of the rash 
Psonasis appears to be sometimes closely associated with acute iheumatism 
In one case a child was suffenng from this disease, and as the eruption 
faded chorea developed It is nevertheless diflBcult to trace the exact associ- 
ation of rheumatism and psoriasis, and the same statement apphes also to 
urticaria and scleroderma 

The relationship of erj’thema nodosum to acute rheumatism is still dis- 
puted At the present time the position stands thus Erythema nodosum 
appears to be frequent in the rheumatic, and in some instances to be asso- 
ciated with such active signs of rheumatism as endocarditis and arthntis 
On the other hand, many cases of erythema nodosum run a course of their 
ovm, and appear to have no relationship with rheumatism, and for these 
reasons some observers believe it to be a special disease closely allied to, 
but not identical with, acute rheumatism Others believe it to be rheumatic, 
while others again look upon it as symptomatic of various infections and 
among these the rheumatic Further mvestigations are needed to decide 
these questions Erythema nodosum appears most frequently upon the 
shins, m the form of nodes, which vary m size and may become as large as 
the palm of the hand The skin is raised and at first pink and exceedingly 
tender, later the color turns from pink to a bruise-hke blue, and the skin 
may desquamate This rash may be general although rarely so, and with 
it there may be subcutaneous nodules over w'hich the skin is not reddened, 
and which if cut into are proyed to be the results of great vascular hypeiiemia 
and serous exudation 

These rheumatic eruptions may be the first symptom of active rheuma- 
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tism, or may appear dunng the course of an attack As nnth other mani- 
festations the frequency with which cutaneous lesions are noticed differs m 
different epidemics 

Rarer Mamfestations — In the Alimentary System — ^It has been frequently 
noticed that rheumatic children have weak digestion and aie liable to bilious 
attacks and diarrhoea, but it is difficult to assign a part m their causation 
to active rheumatism, and it is doubtful -whether the epigastric pain that 
rheumatic children so often mention is gastric m origin Acute dilatation 
of the stomach may, though rarely, follow acute rheumatism Pentonitis 
IS a more common occurrence, and m fatal cases of acute rheumatism a 
chronic peritonitis may be found around the liver and spleen On one 
occasion the wnter has heard loud pentoneal friction dunng life, and in 
another there was complaint of abdominal pain over the upper segment of 
the abdomen, and peritonitis was demonstrated, after death, m this position 
It has also been produced expenmentally, and, further, the miciococcus 
has been isolated from the exudation in man Some authorities believe 
acute rheumatism to be a frequent cause of appendicitis, the writer has 
never seen a conclusive case, nor, on the other hand, found any change in 
the appendix m fatal rheumatism 

Genito-urinary System — ^Among the rarer incidents of acute rheumatism 
IS the occurrence of acute nephritis, and experimental investigation has 
thrown considerable hght upon this subject The diplococcus is freely 
excreted in the unne of animals that have been injected intravenously, and 
can be isolated from the unne of patients suffenng from acute rheumatic 
pencarditis In rare instances, as observed by Paine and the wnter and 
Vernon Shaw, acute nephntis may also result from these inoculations 
The former have observed it m rabbits and m a cat The cat within three 
days of inoculation developed profuse hsematuria from which it eventually 
made a perfect recovery, dunng this penod the unne swarmed ivith diplo- 
cocci After recovery the animal w^as killed and no trace of endocarditis 
was discovered, which is important as it excluded the possibility of a gross 
infarct 

Acute nephntis has also been recorded in man by vanous wnters, among 
them George Johnson, Leyden, Dickinson, Hayem, Lees, and Garrod 
The author has met with several instances m childhood Then again there 
are interesting examples of the occurrence of renal disease in several members 
of a family m which there is also a marked history of acute rheumatism 
Yet another point of interest is the occurrence in man of large white kidneys 
in some cases of malignant endocarditis, and of nephritis witli continuous 
hfematuria m others, to which especial attention has been drawn by Litten 
A condition of large white kidney has also been produced by expenmental 
inoculation of the diplococcus into rabbits, occurring in conjunction with 
malignant endocarditis 

A far more difficult question is the possible influence of rheumatism in 
causing chronic renal disease Leyden has diiected attention to the fact 
that although acute rheumatic nephntis as a rule clears up rapidly, there 
are cases m which it dnfts into a chronic nephntis Can rheumatism, in 
addition to this, produce a change in the kidney, one which is never acute, 
but wdiicli terminates in a granular condition ? It must be admitted that 
very many cases of acute rheumatism show no changes in the unne so far 
as albumin and blood are concerned, yet, on the other hand, in acute aith- 
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ntic rheumatism, and even m chorea, albuminuna is not very rare, especially 
when the patient has not had sufficient rest Tins albuminuna rapidly 
disappeais, but may occur agam on exertion and resemble m its behavior 
orthostatic albuminuna 

Itis conceivable that in such cases theremay be insidious damage to the kid- 
ney which slowly increases m a manner comparable to the slow contrac- 
tion of the valve in mitral stenosis, and Beattie has observed experimental 
interstitial nephritis This, too, is not altogether hypothetical, for a granular 
condition of the kidney is frequently met with in necropsies upon mitral 
stenosis The following table of necropsies exemplifies this point 

1 F , aged 48 — ^Repeated rheumatism — mitral stenosis Kidneys — ^passive 

congestion, scarring, atrophy of cortices, fatty changes in convoluted tubules 

2 F , aged 60 — ^Rheumatism, mitral stenosis, granular kidneys 

3 M , aged 43 — Adherent pericardium, granular kidneys 

4 F , aged 37 — Mitral and tricuspid stenosis, granular kidneys 

5 F , aged 45 — Adherent pericardium, kidneys much diseased, small, and hard 

6 M , aged 35 — Mitral stenosis, granular kidneys 

7 F , aged 27 — Slight pericarditis, small kidneys, cortices much wasted 

8 F , aged 41 — Mitral stenosis, granular kidneys 

9 F , aged 44 — ^Adherent pericardium, mitral stenosis, granular kidneys 

10 F , aged 45 — ^Mitral stenosis, granular kidneys 

11 F , aged 58 — ^Rheumatism twelve years before, mitral stenosis, granular 
kidneys 

12 kl , aged 51 — ^Mitral stenosis, granular kidneys 

13 F , aged 42 — Mitral stenosis, granular kidneys 

14 F , aged 20 — Third attack of acute rheumatism, endocarditis, pericarditis, 
pleuntis Kidneys — capsules slightly adherent, finely granular, parenchyma degen- 
erated 

15 F , aged 39 — ^Three attacks of acute rheumatism, mitral stenosis, granular 
kidneys 

16 M , aged 22 — Acute rheumatism — repeated attacks — recent and old mitral 
disease, kidneys large, capsules slightly adherent, and cysts 

17 F , aged 45 — Mitral stenosis, granular kidneys 

18 F , aged 19 — Acute rheumatism at 12, mitral disease, albuminuna Kidneys 
large and pale, vith adherent capsules 

19 M , aged (?) — Three attacks of acute rheumatism, pen-, endo-, and myo- 
carditis, granular kidneys, with adherent capsules and some thickening of the 
arterioles in the kidney 

20 F , aged 45 — Mitral stenosis, granular kidneys 

This list IS open to the obvious cnticism that in patients over forty there 
are many factors tending to cause cirrhosis of the kidneys, nevertheless it 
IS suggestive 

The Influence of Preqnancij and the Puerpenum upon Acute Rlieumatvsm 
— ^This has hardly received sufficient attention As a general rule it may be 
stated that pregnancy and the puerperal state tend to produce the malignant 
type The severity of chorea in pregnancy is well recognized, and there is 
but little doubt that in a considerable number of such cases there has been 
a ver\ definite history of acute rheumatism or chorea in earlier life ^ The 
same intensification is sometimes noticeable with rheumatic carditis, which 
mai become active and develop into the malignant type and prove rapidly 
fatal In connection vnth this it is of interest that Paine and the writer 
observed that a rabbit which had recovered from acute rheumatism with 
endocarditis and arthritis, died rapidly on re-infection, when pregnant, 

’ French and Hicks, PracMioner, August, 1906, found in 29 consecutive cases a 
history of pre\ lous rheumatism in 19 and 15 of the 19 had suffered from chorea 
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fiom malignant and aortic endocarditis The same type of endocarditis 
was also noted by Shaw under similar circumstances 
Mastitis — Still has directed the writer’s attention to the possibility of 
a rheumatic mastitis in childhood, and recently two children have been 
under observation with active rheumatism and mastitis of the left breast 
More extensive observations are needed before any conclusions can be drawn 
upon this point 

Thyroiditis has been observed occasionally, and in chorea, also, there is 
sometimes complamt of pain in the thyroid gland, and, more rarely, some 
swelling and tenderness is observed Parotitis has also been recoided 
Lymphadenitis — ^In all cases of fatal rheumatic pencarditis the medias- 
tinal glands are considerably enlarged, and m some cases of tonsillitis 
associated with acute rheumatism the cervical glands are swollen It is 
most exceptional — although on record — ^to meet with a general enlargement 
of the lymphatic glands 

Eye — Conjunctivitis, erythematous and phlyctenular, is met with, and 
in rare cases acute iridocyclitis complicates an acute attack of rheumatism 
This latter lesion is occasionally produced m rabbits by the intravenous 
inoculation of the diplococcus The relation, if any, to aeute rheumatism, 
of the persistent, painful, relapsing mtis which is occasionally met with in 
those with an arthritic family history, has not yet been ascertained 

Diagnosis — ^The diagnosis of acute rheumatism, if of the articular 
type and in an adult, is a simple enough matter The multiple and painful 
arthiitis, the sweating, thickly coated tongue, dilated heart, metastatic 
character of the articular lesions, and the reaction to salicylate of sodium, 
with rapid subsidence of the arthntis, all combine to make the disease a 
very charactenstic one It is, however, a very different matter when the 
disease is abarticular, the onset gradual, or the symptoms unusual, and 
although this division is in no sense a scientific one it will serve to make 
tins part of the subject clearer if the diagnosis is first considered in the child 
and then m the adult 

1 In Childhood — In many cases, if this is not a contradiction m terms, 
children with a rheumatic family history dnft gi adually into acute rheuma- 
tism They are “out of sorts” for some weeks, with malaise, wasting, 
nervousness, slight fever, and fleeting pains Such an occurrence m children 
of this type should suggest the possibility of an acute attack m the near 
future Fever, multiple arthntis, and cardiac dilatation, m a child usually 
mean rheumatic fever When, however, the arthntis is absent but the 
pains in and around the joints are severe, there is a considerable habihty 
to error 

One senous mistake is to confuse acute osteomyelitis and acute rheumatism, 
for a life may be lost by proerastmation From the first acute osteomyelitis 
IS a senous condition There may be shivenng or actual ngors, the pain 
m the affected limb or limbs is very severe, and the region of the inflammation 
rapidly becomes swollen and sometimes brawny Importance must be 
attached to the position of greatest tenderness — ^which is over the epiphysis 
and not in the joint — ^to the high fever, prostration, and dehnum The best 
safeguard against error is the knowledge of its possibility 

A more difficult problem is sometimes offered by acute anterior polio- 
myelitis, for in the early phase of tlus disease there is often a good deal df 
pain and fever A loss of reflex, if it occurs, is a valuable aid, as also marked 
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^^astmg It IS m the early stage that there may be great doubt and an 
opinion may need to be given with caution There is no swelling of the 
joints nor heart disease in anterior poliomyelitis unless, as seems possible, 
some cases are a manifestation of rheumatism in infancy 

A mistake that is made more often perhaps than would be expected is 
that of confusing %njantile scurvy with acute rheumatism Scurvy is not 
uncommon under two years of age, but rheumatic fever is exceedingly rare 
In a doubtful case at this age scurvy should always come first into the mind 
of the practitioner The gums must be examined for ecchymoses, the bones 
for periosteal swellings, and the skin for purpura Hemorrhages from the 
kidneys or from mucous surfaces, pallor of the face, and extreme tenderness, 
are suggestive of scurvy The heart is not damaged, and, when once this 
condition is remembered, the diet and the result of its alteration will soon 
solve any doubt This mistake also is a senous one, and very damaging 
to the reputation of the physician, for scurvy is a disease which is most 
amenable to treatment 

Congenital Syphilis — ^There are two conditions m congenital syphilis 
which may give nse to confusion The first is the comparatively uncommon 
pseudoparalysis In some instances this is accompanied by epiphyseal 
swellings , in others no swelling can be detected Here again it is the pain 
which gives nse to the error An inqmry into the history, the complexion 
of the child, its age, and the presence of the well-known stigmata of congeni- 
tal syphilis, will prevent this error The fact that the swelling is epiphyseal 
and not articular is also important The second condition is met with m 
older children, and is a syphilitic arthritis There are different forms of 
this, and although many joints may be damaged the knees are the most 
frequently attacked The course is slow and the condition not very painful 
It IS a lesion which is associated with interstitial keratitis, peg teeth, and 
syphilitic deafness The heart is usually spared, and there is no history of 
a pre^’lous attack of rheumatic fever In some cases mercunal treatment 
is most successful, yet this is not the case m all 

Gonococcal aithritis, if due to infection from the mother, shows itself m 
the first five weeks of life, and is usually associated with ophthalmia It 
IS unmfluenced by treatment with salicylates 

It may seem almost fanciful to mention appendicitis as a possible cause of 
confusion, yet in childhood this difficulty may arise The particular cases 
are those m which acute rheumatism affects only one joint, and that the 
right hip In such cases children are apt to refer the pain above Poupart’s 
ligament over the region of the appendix It is especially important at 
the present time, when early operations are so frequent in appendicitis, 
that this error should be avoided These cases are unusual, and as a 
rule other joints are soon affected or other manifestations of rheumatism 
develop 

Acute Tube) culous Arthritis — ^The nnitings of Poncet, of Lyons, in the 
last few years have brought into prominence a condition of acute and 
multiple arthritis due to tuberculous infection Clinically, this arthritis 
is indistingmshable from the rheumatic, but proof has been furnished in 
a certain number of cases by the demonstration of tubercle bacilli in the 
joints As a rule the differential diagnosis turns upon the presence of 
active tuberculosis elsewhere and the absence of any lustory of rheumatic 
fever 
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There is a curious group of cases of multiple arthritis which has been 
carefully descnbed by Still The cause is unknown, although in some cases 
tuberculosis has been claimed as one of them This form commences 
usually in an msidious manner before the second dentition, although in 
exceptional cases the onset is acute There is a progressive enlargement of 
the joints, the wrists, fingers, knees, toes, and cervical spine, being the 
articulations most frequently attacked The enlargement is mainly pen- 
articular and the effusion as a rule is inconsiderable The muscles waste and 
contractures are not uncommon One feature is an enlargement of the 
lymphatic glands, which bears a distinct relation to the condition of the 
corresponding articulations, and another is enlargement of the spleen, 
which occurs with considerable frequency Amemia and sweating with 
pyrexia are further symptoms, and although heart disease is perhaps 
exceptional, an adherent pericardium has been found more than once 
after death, and in other cases dunng life endocarditis has been detected 
They run an inveterate course It would be premature to attempt to ex- 
plain the nature of these cases, but it is certain that they are not all 
tuberculous 

Arthritis Deformans — Arthritis deformans is rare in childhood Some 
writers consider the arthritis just described as a form of this , but, m addition, 
cases occur in which there are lipping and bony outgrowths, and in which 
the muscular wasting is extreme, and yet the heart escapes Arthritis may 
occasionally be a prominent symptom in posterior basic meningitis The 
results of lumbar puncture may give the diagnosis 

2 In Adults — Artlu liis deformans and gout sometimes cause consider- 
able difficulty 

In arthntis deformans the marked implication of the smaller joints, the 
intractable course, the failure of salicylate treatment, the muscular wasting, 
and the rapid acting of the heart (which is generally free from organic 
disease), are some of the main points relied upon for diagnosis All the 
points of dilferential diagnosis are open to criticism, for arthritis deformans 
IS an ill-defined malady 

Gout — ^The differential diagnosis between acute rheumatism and acute 
gout IS generally easy Gout is more usual over thirty The frequent im- 
plication of the great-toe joint and frequent escape of the larger joints, the 
occurrence of tophi, and the absence of heart disease, are stnking differences 
The habits of the patients are also suggestive Between subacute rheu- 
matism and subacute gout the difficulty may be great, and until gout is 
better understood it must remain 

Gonococcal arthritis may lead to error It is more hable to follow gonor- 
rhoea m those who have suffered from rheumatism or are of rheumatic 
parentage, and this increases the liability to mistakes in diagnosis The 
history of urethritis is a cardinal point The arthntis is exceedingly stubborn, 
the planter fascne are frequently implicated, and intis is much more liable 
to occur than m acute rheumatism The heart is less hable to suffer, and 
the salicylates have but little influence 

In adults and in children influenza may cause difficulty The severe 
pains and dilatation of the heart in themselves are hable to cause confusion, 
and the frequent occurrence of a sore throat adds to the similanty Arthntis 
also is not very uncommon as a result of influenza In the majonty of cases 

the onset of influenza is more abrupt than that of acute rheumatism, and 
VOL 2—45 ' 
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when the onset of the latter is more acute than usual the multiple artlmtis 
develops rapidly On the other hand, the arthritis of influenza is usually a 
late result 

Pycemia with suppurative arthntis, both m adults and childhood, may 
be most difficult to distinguish from acute rheumatism The difficulty is 
particularly great m some cases that follow acute otitis media In these 
it must be admitted that acute rheumatism and the suppurative diseases 
approach one another very closely Their comparative ranty, however, 
compared vith the frequency of acute rheumatism, only serves to strengthen 
the view that rheumatism is specific The prostration and general poisoning 
are more profound m pyiemic arthntis Foci may form m the subcutaneous 
lesions and break down into small abscesses Rigors and a high fluctuating 
temperature are further warnings The heart becomes rapid and feeble, 
and although endocarditis is not so frequent as in acute rheumatism, suppur- 
ative pencarditis may supervene most insidiously without the appearance 
of any pencardial fnction 

Scadaiinal arthntis is so closely allied to acute rheumatism, exhibiting 
as it does such manifestations as multiple arthntis, endocarditis, pencarditis, 
nodules, and chorea that to distinguish them is hardly possible They may 
eventually prove to be identical, and in any case are so alike that their 
differential diagnosis is unimportant There is certainly the same danger 
of future attacks 

Some cases of adynamic rheumatism and typhoid fever with arthntis are 
much alike the occurrence of diarrhoea, splenic enlargement, rose spots, 
and a positive Widal reaction, are important distinctive features 

Malta fever differs in the occurrence of sudden outbursts of pyrexia with 
severe prostration, alternating with mtennls of comparative health The 
micrococcus melitensis gives a definite serum reaction (Wnght) 

Acute rheumatism in one ]omt may be mistaken for a spiain This is a 
provoking yet not very uncommon error, which may become ludicrous 
when the diagnosis is upheld m spite of the appearance of a “sprain” in 
the other ankle 

Hwmophilic Arthritis — ^The sudden hemorrhages into the ]omts in 
hiemophilia must be distinguished by their abrupt onset and by the family 
history There is, however, some mystenous connection between acute 
rheumatism and hsemophiha, and the arthntis met with in hsemophihcs is 
not always due to hemorrhage into the pints 

Prognosis — ^The prognosis of acute rheumatism is a complicated matter, 
and often the attempt at prophesy is a failure, or is at the best suggestive 
of the Delphic oracle It is concerned with estimating the danger to life 
m a particular attack, the general outlook for the future of the patient, and 
the liability to recurrence 

1 The danger to life m a first attack of acute rheumatism is not great 
Hjperpyrexia is generally accepted as the most dangerous complication, 
and it IS not possible, if this supervenes, to foretell what will be the issue, 
for some recover vhile others die, however prompt the treatment Acute 
carditis may prove fatal in a first attack, and its occurrence m a young and 
delicate child of rheumatic parentage points to caution in the prognosis 
It IS exceedingly rare for chorea in itself to prove fatal through the violence 
of the movements, insomnia, and inability to take nourishment, yet this 
may occur Experience, however, shows that an error m prognosis is more 
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likely to occur on the side of overrating than undei rating the danger in 
uncomplicated chorea The occurrence of the malignant type of rheumatic 
endocarditis in puerperal or pregnant women is fatal, and death may follow 
rapidly in pregnancy without any indication of a “septic” infection 

2 In 3 udgmg of the outlook for the future, the age of the patient stands 
first In general, the younger thepatientthegreaterhability there is to further 
attacks, and to cardiac complications The surroundings are also important , 
the child of poor parents who is living in an unsuitable climate and is badly 
fed and clothed is heavily handicapped The nature of the attack is another 
consideration The insidious foim in the young, m which one manifesta- 
tion appears after another, with the illness lasting for weeks and months, is 
most unfavoiable Carditis under six years of age with rare exceptions 
means the rmn of a hfe Combined valvular lesions in childhood are also 
very serious The arthntis generally ends m complete recovery, although if 
there is considerable penarticular swelling this recovery may be delayed and 
troublesome stiffness remain for some months afterward 

3 In calculating the chance of another attack the age is important, for the 
younger the patient the greater the liability A strong family history of 
rheumatism points to an increased liability, and if the circumstances or occu- 
pations are unsmtable the danger of more than one attack occurring is 
enhanced The physician will often find it difficult to say whether the 
symptoms are the result of a new infection or are the result of a fresh out- 
break of a slumbering first infection 

Treatment — ^The treatment, although in some respect encouraging, is on 
the whole unsatisfactory Articular rheumatism may, it is true, respond to 
treatment with salicylate of sodium m a way which is almost magical, but 
cardiac complications in childhood are the despair of the physician 

The subject divides itself into three parts (1) The preventive treatment 
(2) The treatment of the disease itself (3) The management of those who 
have inherited a tendency to the disease 

Prophylactic Treatment — ^Acute rheumatism must be prevented as far as 
possible, yet the prophylaxis seems hardly to have appealed to the medical 
profession sufficiently The resigned acceptance of the fact that hundreds 
of young lives are damaged by rheumatism contrasts vividly with the extra- 
ordinary efforts that are made to prevent tuberculosis The incidence on the 
poor is so marked that there can be no doubt that much acute rheumatism 
is preventable All teachers should be acquainted with the early signs of 
chorea, for we are repeatedly assured that children suffenng from tins disease 
have for some tune worried over the schoolwork, and the attack is thus mten- 
sified School-rooms should be well ventilated, and, difficult though it may 
be, every effort should be made to prevent children sittmg in damp clothes 
and shoes 

Nothing but good can result from investigations into the housing of the 
poor and from continuous efforts to improve their habitations, for, whatever 
views maj"^ be taken upon the broad general question of the relation of damp 
to acute rheumatism, there is good chnical evidence to prove that a rheumatic 
patient living m a damp house will drift from bad to worse Acute rheuma- 
ism, it vail be remembered, is an urban disease Epidemic outbreaks and 
the vaganes of climate are beyond our control, but much can be done by 
judicious adiice to put parents or patients upon their guard against the dan- 
gers of rheumatism dunng the changeable seasons The influence of the 
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nature of the soil upon the incidence of acute rheumatism is another pomt of 
interest in prophylaxis A cold clay soil appears to favor the occurrence of 
the disease 

Management of the Acute Attack — ^Vhen an adult is attacked it is a 
great advantage to have two strong nurses, for these patients are extremely 
helpless and (ifficult to move If possible a bed should be chosen of suf- 
ficient breadth to be comfortable to the patient, but sufficiently narrow to 
make it possible to manage him mth ease For the same reason it should be 
of a convenient height The sick-room should be airy, but care should be 
taken to protect the patient from drafts — a point which is sometimes over- 
looked in hospitals but is nevertheless an important one in the management 
of acute rheumatism If there is profuse sweating the patient should be 
between soft blankets, but unless this is the case (and it is not usual in child- 
hood), it IS much more soothing to be between sheets, in a light flannel 
mghtdress The perspiration should from time to time be sponged off with a 
warm sponge, and the patient dried with a soft towel It may be necessary 
to keep the bedclothes from the tender pints by a cradle 

While the disease is acute the diet should be fluid and mainly non -nitrogen- 
ous, for there are good reasons for believing that the renal functions are 
impaired during the acute phases of rheumatism In the hngenng subacute 
type With carditis in children it is frequently advisable to allow as nourishing 
a diet as can be taken Thirst can be quenched ^vlth lemonade, bailey- 
water, or plain drinking-water 

Medicinal Treatment — At the commencement of the' attack the bowels 
should be opened Calomel in a dose of 2 grains (0 13 gm ) followed by a 
saline generally answers admirably Severe purging is unnecessary, and if 
the bowels are obstinate throughout the attack cascara or senna is suitable 
Alcohol IS not as a rule required, unless for some special crisis such as acute 
cardiac failure or hyperpyrexia It is, however, useful in case of asthenic 
rheumatism m which the tongue is dry and the prostration considerable 
Bleeding has gone out of fashion, to the advantage of the patient, for rheuma- 
tism is a disease which seriously impoverishes the blood If the throat is 
affected a chlorate of potash and salicylate gargle should be employed if 
feasible 

Local apphcations to the joints are often of service Warm cotton wool m 
most cases answers all purposes, with oil of wintergreen, belladonna and 
opium liniment, or warm alkaline lotions In some cases the pain in one 
joint may be exceedingly severe and persistent, and it is then advisable to fix 
it nnth a splint 

Of internal remedies the salts of salicylic acid first require consideration 
Some maintain that these are true specifics, and go so far as to considei that 
symptoms which do not jneld to them are not rheumatic in nature If this 
Mew IS a correct one these drugs are indicated in all forms of acute rheuma- 
tism, whether articular, cardiac, pulmonary, or nervous Expen ence, how- 
ever, has amply shown that their effect upon cardiac rheumatism is very 
feeble as compared with their effect upon articular rheumatism, and in 
explanation of this two reasons are advanced — ^that the drugs are not suffi- 
ciently pushed, and that the patients come under treatment at too late a stage 
Unfortunately the fundamental statement that the salicylates are a specific 
remedy is not established, and a further question anses Can they be 
pushed vithout detriment to the patient? It is clear that if the reason for 
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their employment is not an absolutely sound one it would be unwise to push 
them if they are in themselves deleterious Again, even if salicylates are 
specific, we do not wish to exclaim with the French surgeon, “Messieurs, 
II est mort — ^guen ” 

In the wnter’s judgment large doses of sodium salicylate are detrimental, 
and m cardiac rheumatism, especially, are liable to introduce new dangers 
and m cntical cases may turn the scale against the patient It is a difficult 
question, on the other hand, to decide whether these drugs prevent cardiac 
rheumatism if they are given before it is detected This can be asserted, 
that rheumatic manifestations — ^for example the nodules — ^may appear even 
when large doses (e gr , 15 grams of sodium salicylate every four hours to a 
child of ten) are being given , and also that in spite of the widespread use of 
the salicylates, cardiac rheumatism is very frequent 

The ill effects of large doses of these drugs are general depression, a small 
pulse which is sometimes irregular or slow, vomiting which may be most 
difficult to arrest, deafness, dizziness, buzzing in the ears, delirium, and 
occasionally irritation of the kidneys The gravest and most remarkable of 
all are respiratory disturbances In some cases dyspnoea supervenes, with 
breathing hke that seen m diabetic coma and the patient may collapse and 
die within twelve hours These dangerous symptoms or severe vomiting 
may appear after a few large doses — e g 20 grams — to a child of eight years 
There is no doubt that sodium salicylate has been much improved m purity 
since its first introduction, yet m spite of this it is m large and continuous 
doses essentially a depressant In writing thus, the reader will clearly under- 
stand that the opinion expressed is neither ongmal nor, on the other hand, 
by any means universally accepted 

The treatment of the articular form of rheumatism is much more encourag- 
ing, and in very many cases the salts of saheyhe acid answer admirably The 
treatment is more easily borne if the bowels are first opened by an apenent, 
and the particular manner m which the drug is administered will vary with 
the character of the case If the patient is a strong adult, 20 grains (1 3 gm ) 
of salicylate of soda can be given in combination with 20 grains of bicarbonate 
of soda and 20 minims of tincture of ginger, m 1 ounce of chlorofoim water 
every three houis, for four doses, then every four hours, later every six hours, 
and lastlv three times a day Where there is much distress and insomnia it 
IS advisable to give a sedative in the evening A patient with a feeble 
circulation will bear the treatment better if the aromatic spirits of ammonia 
are combined in 15 to 20 minim (1 cc ) doses, and if some brandy is given 
occasionally Salicin is advisable for the delicate, and especially for delicate 
children, and the natural salt is still the safest form of salicylate 

When the temperature has fallen it is advisable to persist with salicylates 
m diminishing doses for at least a fortnight, rather than to leave them off 
abruptly Tins is a general rule, the physician, however, vnll be gmded by 
warning pains and by the temperature chart in the management of the patient 
during tins stage A useful combination, after the disease is controlled, is 
salicylate of quinine, and from this during convalescence a change can be 
made to quinine, which can be presenbed for the adult m an effervescing 
solution 

If the heart is not damaged and the course of the illness has been favorable 
the patient may be coni alescent in three weeks Relapses or recrudescences 
are, hoveier, frequent, and a too liberal diet or too early return to active 
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movement is generally blamed for them It is, however, very doubtful 
whether a careful increase in the range of diet, such as is smtable to any con- 
valescent, can be responsible for their recurrence Active movement is more 
probably a factor, for there appears to be a decided tendency for all rheu- 
matic manifestations to gam ground if adequate rest is not given 

Itis a useful precaution to have the joints and hmbs that have been attacked, 
massaged and exercised by passive movements before voluntary movements 
of any considerable extent are undertaken , the tissues are thereby stimulated 
to complete recovery before the strain of voluntary movement is throvTi upon 
the softened ligaments, swollen synovial membranes, and weakened muscles 
At this stage a stimulating liniment is also helpful, such, for example, as 
the compound camphor liniment, or compound mustard liniment The 
strength of these will be graduated accoring to the susceptibility of the 
patient’s skin 

Convalescence often finds the patient very stiff and the muscles wasted and 
painful It is then that hydropathic treatment is of much service, and 
restores the patient’s strength and muscular firmness It is doubtful whether 
there is any remarkable virtue m the waters themselves, and sometimes also 
there is no special advantage m the locality, but the well-organized arrange- 
ments for systematic stimulation of the joints are most valuable when the 
disease itself is dying down and yet recovery is slow It is said sometimes by 
patients and by their doctors that the locality and this treatment first brings 
the rheumatism out of the system, but it is much more probable that then 
there has been a relapse at the spa comparable to the relapses which may 
occur at home 

In some cases apart altogether from carditis there may be troublesome 
complications One of these is the persistence of the inflammation m one or 
two of the joints This is to be feared when there is excessive tenderness, 
much redness, and periarticular swelling Salicylates have no influence over 
this condition, and the erroneous diagnosis of a gonorrhoeal arthntis is some- 
times made on this account If the jomt is opened, clear or blood-stained 
fluid exudes from the connective tissues and cavity The patient should be 
warned that recovery must be slow, and may possibly be imperfect In the 
acute stage the joint should be fixed by a splint, and a plaster of Pans case is 
very useful if it is made in such a way that it can be easily removed A gener- 
ous diet and plenty of fresh air are valuable adjuncts to the treatment of this 
troublesome comphcation An occasional blister relieves the pain and some- 
times does a great deal of good to the joint, although the explanabon of its 
action IS difficult As soon as a light massage can be tolerated it should be 
employed, and later combined with gentle passive movements Douching 
and slalled massage are invaluable when the patient can bear the treatment 

In other cases one joint remains obstinately distended with flmd, and here 
again good food, fresh air, and quinine, are more successful than the salicy- 
lates Blisters are often very useful m promoting absorption If m spite of 
prolonged rest and countenrritation by strong liniments, blisters, or the 
cautery, the joint remains distended with fluid, then skillful strapping with 
Scott’s dressing (Ung Hydraigyri Co ) is indicated The strapping should 
be tightened from tune to time, and the joints kept at complete rest If this 
fails, aspiration and flushing with 1 per cent carbolic acid solution is valu- 
able, after this the joints should be carefully and firmly bandaged, and if 
there is any suspicion of active rheumatism full doses of sahcylate of soda 
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should be given during the next few days In all operations upon the ]oints 
in rheumatism it must be remembered that the primary location of imcro- 
organisms is m the subendothehal tissues and not in the arthritic fluid 

Dry heat m the form of the radiant heat baths has been strongly recom- 
mended and IS a valuable stimulant There are no certain indications for 
its use, and it may, as all other measures do, fail in the thoroughly bad cases 

Iodide of potassium (gr v, gin 0 3) with salicylate of soda (gr xv, gm 1) 
often reheves the articular pains, which are worse at night This nocturnal 
suffenng is most distressing to the patient, and for this reason the above 
combination is always well worthy of tnal, though unfortunately it is not 
always successful This method of treatment can be well supplemented by 
a nightly dose of the lead and opium pill 

A considerable number of different preparations of the salicylate com- 
pounds are now in the market Among the better known are aspirin or 
sahcyl-acetic acid, saloqmnme-salicylate or rheumatm, and salophen (acetyl- 
para-amido-phenyl-sahcyhc-ester) It is claimed foi aspinn that it is 
pleasant to take, not a cardiac depressant, and not hable to cause gastric 
disturbances It is certainly well tolerated, both by adults and childien, 
but vomiting and depression will occasionally result from large doses, as 
with salicylate of soda In adults it is prescnbed m dose of grs x to xv 
(0 65-1 gm) Some prefer to prescnbe this drug both for adults and 
children in water acidulated with lemon-juice Salophen, which contains 
over 50 per cent of salicylic acid, is also prescnbed in doses of from 10 to 
30 grams Rheumatm is useful when the attack is subsiding, and as a 
preliminary to more tonic treatment The dose for an adult is 15 grams 
(1 gm ) , for a child 5 to 10 grs (0 3-0 61 gm ), repeated three times a day 

The alkaline treatment has been superseded by the use of salicylates, 
although some physicians still find good from full doses of potassium citrate 
with potassium bicarbonate 

The tome treatment of the convalescent needs some care The amemia 
that so often results requires iron Arsenic is also useful, and may be given 
as Rowler’s solution combined with alkalies, and the ammoniated tincture 
of qmnme For children cod-liver oil is often very useful, especially when 
they are thin A dry mland climate is best for those of vigorous constitution 
The feeble, delicate, rheumatic convalescent does better in a dry and mild 
climate 

Serumtherapy — ^The idea of treating acute rheumatism n ith some cura- 
tive serum is one that of late has come considerably to the fore It is essen- 
tial to keep in mind the possibilities and the dangers of such a method The 
very character of the disease makes it one about which it is most difficult to 
arrive at a conclusion as to the value of any method of treatment Rheu- 
matic chorea especially is most uncertain in its course, and numeious ob- 
servations by many different physicians are requisite before any conclusions 
can be drawn The antistreptococcic sera in use are antibacterial, very 
uncertain, and cannot as yet be standardized Those, however, who believe 
that acute rheumatism is an outcome of any streptococcal infection have 
hopes that a polyvalent serum made from vanous strains of streptococci may 
do good In our present ignorance of these most complex poisons and anti- 
dotes who can deny this’ The believer m the specific character of rheu- 
matism also cannot deny that other microorganisms allied to that found m 
acute rheumatism may possibly form in some degree allied or similar poisons. 
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and must admit that such a serum may possibly do good The position is 
nevertheless an unsatisfactory one around which much erroi and faulty 
treatment may arise 

The writer had no success with such a seium m si\ carefully chosen cases, 
but Menzer has reported some successes with a serum manufactured by 
Merck Menzer’s serum produces very definite effects m subacute cases 
After four to si\ hours, redness, swelling, and heat, occur in the affected 
joints but m no others For a time the cardiac symptoms also appear to be 
augmented, there are fever and pains in the neck and head, swelling of the 
IjTnphatic glands, and sore throat Later there is a fall of the temperatui e by 
degrees, and then cure His successes have been more signal with chronic 
than with acute rheumatism The dose must be gauged by cautious use, the 
test dose being 5 to 10 cc As much as 200 cc have been used for a single 
case Up to the present discordant results have been obtained with this 
serum, and the local reactions are somewhat disturbing 

The treatment of rheumatic heart disease is too extensive a subject to be 
dealt with m this article, but a few points will be touched upon The pain 
of pericarditis is much relieved by an ice-bag applied to the precordium 
Continuous application is the most satisfactory Unless there is painful 
arthntis the writer trusts to quinine, strychnine, opium, digitalis, and stimu- 
lants, rather than to the salicylates In exceptional cases when the right 
heart is acutely dilated venesection is called for Rheumatic pencaiditis 
may be overtreated, and the patient be more harassed by measures for his 
relief than by the disease itself Paracentesis m pencarditis should not be 
attempted until there is very definite proof that the embarrassment of the 
cardiac action and the great enlargement of the area of dulness are not 
results of acute dilatation of the heart 

Rest in all forms of rheumatic heart disease is of first importance, and the 
guides for relinquishing it will be the rate of the pulse, the size of the heart, 
and the absence of breathlessness upon the resumption of active movement 
Passive movements and massage are valuable mtroductions to more stren- 
uous exertion 

“Cerebral rheumatism” with hyperpyrexia reqmres prompt treatment 
with the cold bath The cerebral symptoms are even a better guide than the 
temperature for its employment A temperature of 105° F in acute rheuma- 
tism IS a signal of danger A temperature of 104° with headache and vomit- 
ing IS of equal significance if there are no local lesions to account for it The 
bath should be given at a temperature of about 85° F and rapidly cooled by 
putting in blocks of ice The patient is watched throughout with the utmost 
care, and the duration of the bath graduated by his strength and by the effect 
upon the temperature If there is collapse he must be at once lemoved, 
rapidly dried, and wrapped m warm blankets If his temperature falls in the 
bath — ^from 107° to 102° F , for example, — the patient should be removed, 
for the temperature v ill fall to normal after leaving the bath Stimulants are 
needed and should be close at hand, but depressant antipyretic drugs are not 
advisable The bath may need repetition several times in a severe case If a 
bath cannot be given, ice sponging with cold packing may save life 

The Management of Those Predisposed to RL,.umatism — Careful 
attention should be paid to the warnings of rheumatism in children of rheu- 
matic parentage, and the throat should be promptly treated if there is a 
tendency to tonsillitis Among the wealthier classes the possibility of an 
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unsuitable house or climate should be carefully considered Nervous, 
intelligent, rheumatic children should not be pressed at school work, and 
evening study often does them harm When they are thin and irritable, 
enforced rest in the middle of the day is advisable, and it is remarkable how 
useful such a simple remedy as rest often proves to be in those of rheumatic 
predisposition Woolen or wool and silk garments should be worn ne\t to 
the skin, and if an attack of acute rheumatism has occurred and the climate 
' IS cold and inclement, it is advisable to wmter m a dry and bracing atmos- 
phere. 



CHAPTER XXVI. 

ASIATIC CHOLERA 
By W P DUNBAR, M D 

History, Epidemiology and Etiology — The oldest known description 
of cholera seems to be that of the Hindu Sucruta In this the following 
symptoms are emphasized diarrhoea, vomiting, thirst, stabbing pam, and 
coma “A man whose teeth, lips, and nails are blue, whose consciousness 
IS impaired, who is tormented with vomiting, whose eyes are deeply sunken, 
and whose voice is weak and joints relaved,” so reads the literal translation 
of Justis 

It was once believed that the name cholera was derived from the Greek 
word x°^V) but others have thought that the Greek word 

“intestine,” was the origin Still others believed that it rose from the 
Hebraic expression, choh-ra, an evil disease In recent times the opinion 
has prevailed that it is derived from the Greek word eave-trough 

The dejections stream from the intestine like ram from an eave-trough 

Cholera Asiatica occurs in the form of epidemics which, following the 
paths of human traffic, spread quickly over wide areas and carry off 50 to 
65 pel cent of those affected No disease showing these features, and at the 
same time presenting a definite tendency to epidemic distribution, appeared 
in the civilized world, certainly not in* Europe and America, before the 
beginning of the. nineteenth century Such an epidemic, starting in India 
in 1817, spread eastward to China and Japan and westward it reached, 
in 1823, as far as Russia (Astrakhan) Some years later it again spread 
over great tiacts of India, and travelled westward over Persia and Arabia 
to Russia In 1831 it reached as far as the eastern districts of Germany 
In 1832 it spread over the western part of Europe, through France, the 
Netherlands and England, whence by ships it was carried to Canada and 
extended to the State of New York 

Since then it has repeatedly encircled the earth, scarcely a country has 
escaped Only such regions as are reached from India by a long sea trip, 
such as Australia and Cape Colony and the unfrequented regions of the 
Aictic Zone, high mountainous districts, etc , remained free The origin 
of epidemics has always been India 

As to how long cholera has been knowm m India itself, a complete unanim- 
ity of opinion has never been reached The first European that came to 
India IS said to have found it as an endemic, partly epidemic, disease A 
great epidemic m Goa m 1543 was reported Koch has gamed the impres- 
sion that the reports on the cholera epidemics before 1817 are not trust- 
worthy On the other hand it is regarded as proved that in the sixteenth, 
seventeenth, and eighteenth centuries outbreaks of cholera certainly 
occurred in India 

In any case, the real home of cholera lies in India and more precisely m 
the lowlands of the southern parts of Bengal wuth Calcutta for the chief city 
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This IS the region traversed by the Ganges Here cholera prevails con- 
tinuously and, as a rule, is most severe in the hot dry month ot Apiil The 
climate of this region is characterized by heat and great moisture From 
here the cholera spreads out, almost the whole year round, over larger or 
smaller parts of India, and from here have begun the great epidemics 

According to Hirsch, four pandemics are to be distinguished up to the 
year 1875 The first lasted six years, from 1817 to 1823, and extended ovei 
Asia and Africa only The second lasted eleven years, 1826 to 1837, the thud 
from 1846 to 1862 and the fourth from 1864 to 1875 These last three 
pandemics extended over all the four great continents The fifth pandemic 
began in the year 1883 and lasted until 1896 (thirteen years) The sixth 
pandemic began in 1902 and reached Egypt, Persia, Russia, and Turkey 
In the year 1904 it began to extend into the interior of Russia, where it 
remained during the winter The question is of great interest whether by 
modern methods of combating the disease it will be possible to limit it or 
whether we must reckon with its further wandering in the accustomed way 
In 1905 the disease w^as introduced into Germany from Russia, 100 wmrkers 
on rivei -boats having cholera, but there was a total of only 254 cases in 
Germany, no place having more than 2 or 3 cases In 1906 no cases occurred 
in Germany, which shows the benefit of energetic measures against the spread 
of the disease 

Haeser regards the two great pandemics of Hirsch as one pandemic with 
subdivisions, and introduces between the third and fourth of Hirsch’s pan- 
demics one which lasted from 1852 to 1860 It is generally agreed that 
cholera, following always the principal paths of human intercourse, has 
spread from point to point with greater rapidity as the rate of transport has 
increased It has follow'ed the course of shipping as well as that of traffic by 
land With changes in the paths of traffic the route of cholera changed also 
The construction of the Suez canal affords an instructive example, as, after 
its opening, the movement of cholera underw'ent a profound change The 
wmndenngs of the disease make it clear that the cause is not indigenous but 
only after it has been introduced from the outside can it begin its great 
activity But some held that there w'as no need of the invasion of a definite 
infectious agent and were known as Autochthonists They were opposed 
by the Contagiomsts, w'lio held the opinion that cholera was transferred from 
man to man without any intermediate link As a variation of the Con- 
tagionists’ conception one may consider the so-called “drinking w'ater 
theory,” according to wdiich the use of w^ater w'hich has become polluted by 
the dejecta of cholera patients can give rise to outbreaks of cholera By 
bringing forw ard w'ater as a vehicle for the transmission of cholera it w'as 
thought that an explanation might be offered for the explosive outbreaks 
wdiich are so characteristic The very first appearance of cholera in Europe 
gave occasion for examination for the cause The blood of the patients and 
especially the stools w ere investigated, and the most fantastic structures w ere 
described as having been found Small motile creatures of the form of 
vibrios w ere observed and regarded as identical w ith the vibrios noticed by 
Leeuw'enhoek m dysentery Further microorganisms in great variety w ere 
described in the vomitus as w ell as in the stools 

The cholera expedition sent to Egypt in 1883, under Koch, found in 
Alexandria an opportumty to study 11 living cholera patients, and the 
c.tdaveis of 10, a few' hours after death The investigation of the intestine 
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slio'wed in all cases (with the exception of 1 mIiicIi ended fatally as the 
result of a secondary disease several weeks after the recovery from cholera), 
the presence of a definite organism The results, however, did not allow of 
a positive conclusion by the time the epidemic was over On Koch’s sug- 
gestion the expedition v as sent to India to continue investigations there and 
they succeeded m making pure cultures of the organism The investigation 
of 42 cholera cadaveis and 28 cholera patients resulted without exception 
in the confirmation of the findings which had been reached in Egypt On 
the other hand these bacteria were completely lacking in 28 cadavers of 
persons who did not have cholera It was always possible, both from all 
cholera corpses as well as from the dejecta of the cholera patients, to isolate 
a quite characteristic comma-shaped bacterium, vibrio 

In addition, the commission examined the bodies of animals, sewage, 
swamp mud, and river water It was never possible m a single instance to 
find the vibrio Koch concluded that his comma-shaped bacteria were 
peculiar to cholera The question as to whether these were merely favored m 
their growth by the cholera process and were therefore conspicuous when 
associated with cholera Koch thought he might answer in the negative 
Accordingly, one possibility only remained, namely, that these vibrios were 
the cause of the disease 

In spite of the foice and clearness of Koch’s proofs, there were, not only 
among the laity but even among physicians, very numerous adherents of the 
locahstic theory The fact that this theory rejected all quarantine, isolation, 
expensive disinfection, etc , in the combating of the disease made this 
doctrine especially popular and gained a ready hearing in circles which were 
interested in commerce When, in the year 1892, the cholera appeared in 
Hamburg suddenly and without warning and m a few weeks, out of a popu- 
lation of about 600,000, attacked almost 17,000 and cairied off 8,600, the 
whole civilized world was aroused and naturally all possible means vere 
used to arrive at a definite solution as to its cause and mode of spread It 
was not the fact that m European Russia this same pandemic destroyed 
800,000 men, which aroused the public That cholera could gam such a 
firm footing under the unhygienic conditions in Russia and could spread 
was considered inevitable It was to be expected of Germany, hovever, 
that cholera should be unable to gam a footing Here, as in England, peo- 
ple hoped that a highly developed civilization would be sufficient to rob 
such a pestilence of its malignant character 

Hamburg vas indeed the first city on the continent which had fulfilled 
the requirements of the Locahsts and provided itself with a model seweiage 
system Five decades of drainage of a soil protected from every sort of 
defilement, should according to the doctrine of the Locahsts, have brought 
about m the subsoil a perfectly sanitary condition The locahstic doctrine 
must be regarded, since the experience of Hamburg, as completely disproven 
On the other hand, the Hamburg epidemic, with the consequent invasion of 
269 places m Germany, furnished an overwhelming burden of evidence of 
the correctness of Koch’s doctrine The explosive outbreak of the Hamburg 
epidemic reached its climax m ten days vith more than 1,000 new cases 
daily, and within nine weeks reached its termination w'lth the exception of 
occasional sporadic cases The field overspread by the cholera corresponded 
preeisely"^ wnth the Hamburg w ater supply, which then came from a point 
in the Elbe to w hich the sew'age of the city was earned back by the tide, and 



ASIATIC CHOLERA 


717 


tins infected river -water was still pumped into tlie water mains unfiltered 
and without any effort at purification The cholera had no such distribution 
in Altona, -viliich lay to the northivest, there only relatively few cases 
appeared which could be referred to transportation from Hamburg In 
the opposite direction, Wandsbeck, with 20,000 inhabitants, although in 
direct communication with Hambuig, remained free from cholera with the 
exception of a few cases transported from Hamburg 

Pettenkofer sought to rescue Ins localistic doctrine by declaring that the 
Hamburg subsoil was much defiled by the years of sprinkling of unfiltered 
hydrant water This hydrant water would not be injurious according to his 
view if directly ingested, but would be sufficient to poison the ground and 
subsoil We have really no reason to speak well of the Hamburg iiater 
supply as it v/as up to the year 1893, nor to saj" from a hygienic point of view 
it was free from objection But it must not be forgotten that still only a very 
small part of the city sewage ever reached the part of the river from wdncli 
the water was drawn, and this occuried not every day m the year but only 
when the water v as low in the Elbe, or after storms Furthermore, Remcke 
has shown that the cholera did not appear only m the older and low lying 
parts of the town, but that it raged with the same intensity m the higliei 
parts which had but recently been built and whose ground was not infected, 
liecause building had not been allowed m this neighborhood until the sewage 
system had been completed 

That the cholera m Hamburg was actually distributed by hydrant water, 
and that infection took place by its use is clear from the fact that those 
institutions which did not use the city water but had their own wells remained 
completely free Those parts of Hamburg where wells were exclusively 
used did not suffer, while those distncts which used both the wells and 
city v^ater were affected much less severely than the remainder of the 
town 

From Hamburg cholera was transported to 268 other places The 
government sent out trained men to these places, who, basing their ideas 
on Koch’s theory, ordered the necessary precautions In all these places 
together, excepting Hamburg, not more than 800 persons succumbed In 
the year 1893 there were again 114 different places m Germany visited by 
cholera but m all only about 300 persons died Although Germany was 
especially thieatened from Galicia and Russia, the pestilence did not succeed 
m gaining a foothold because suspected individuals ere carefully guarded 
and special care was taken that no -a ater suspected of infection v as used 
In the year 1894 the cholera gained entrance again into 157 towns of Ger- 
many but only 490 persons in all died of the disease In the year 1895 no 
choleia appeared m Germany The epidemic thus ended m three years, 
while earlier epidemics htid lasted an average of ten years 

Everyw'here the cholera appeared, the organism described by Koch was 
found His theory w as thus most brilliantly confirmed According to it the 
infectious agent occurs in the dejecta of the cholera patients, and is usually 
transferred to others by objects which become infected Especially impor- 
tant IS polluted w ater According to Koch transportation by the air ne^ er 
occurs Through these discoveries cholera lost most of its earlier terrors 
Koch asserted that he ne^ er claimed that evervone w ho took m the cholera 
parasite would suffer from a uniformh severe attack of cholera Although 
w'e had iccogni/ed the cholera vibrio as the true cause there w ere nevertheless 
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a number of accessory causes, such as conditions of locality, time, and indi- 
vidual predisposition 

The Cholera Vibrio — Morphology and Cultural Oharactenstics — ^Tlie 
bacteria are about 1 to 1 5/i long and 0 3 to 0 5/i thick They are not quite 
straight but slightly curved like a comma and this curvature may be so great 
that the rod takes the form of a semicircle In pure cultures these rods often 
form S-shaped figures and longer and shorter wavy lines, of which the first 
represents two individuals and the latter a larger number of cholera bacteria 
which have remained connected after a continued multiplication They 
possess independent motility which may be best observed in a hanging drop 
In such a preparation the bacteria are to be seen moving with great rapidity 
in all directions One may recognize in such a preparation that the appar- 
ently wavy lines actually represent delicate spirals 

Especially characteristic is their behavior m nutrient gelatine, m which 
they form colorless colonies which, with low magnification, resemble after 
twenty-four hours bubbles which are not quite circular but show an irregu- 
larly partly scalloped contour Very soon they assume a somewhat granular 
appearance, which comes out more sharply m the large colonies, until the 
latter seem as if composed of highly refiactiVe granules, which Koch com- 
pared to little heaps of particles of glass With further growth the gelatine 
liquefies m the immediate neighborhood of the colony and the latter sinks 
someivliat deeper into the gelatine It forms in this w'ay a small funnel- 
shaped depression in the middle of w^hich the colony is visible to the naked 
eye as a wdiitish point The liquefaction of the gelatine never extends very 
far m the neighborhood of the colony (provided that the colony is isolated 
enough), a property which distinguishes the colonies of cholera bacilli from 
many others \vhich liquefy gelatine The macroscopic appearance of a 
gelatine plate, ivhich contains numerous young colonies of cholera bacteria 
lying close together, is also characteristic The surface of the gelatine 
resembles m this case that of a ground glass plate Often m consequence of 
the very slight difference of level which is caused by their sinking into the 
surface of the gelatine the young colonies show a reddish appearance m 
certain lights 

The size and form of the cholera vibrio vanes somew^hat In some cultures 
they show" a length of 1 /t w"hile in others they are about 3 // Certain strains 
show" quite short curves w"ith very little tw'isting, w"hile others are very much 
twasted The cholera vibrio takes up basic aniline dyes w"ell It is completely 
decolonzed by Gram’s solution Staining methods have been proposed to 
gue a specific reaction to bring out a capsule, a membrane, or blight spots, 
but these have never gained any practical importance and now it is geneially 
recommended to stain with diluted Ziehl’s fuchsin solution (1 to 9) 

According to Koch’s first description the cholera vibrio is provided with 
only one terminal flagellum Later observations were published describing 
cholera vibrios bearing several terminal flagella Kolle and Gotschhch have 
recentlj had an opportunity to study 65 different cholera cultures w"ith regaid 
to this point All the colonies show ed, w"ithout exception, only one terminal 
flagellum As regards the size, length, and w"aving ot the flagellum, however, 
there were definite differences These authors found m certain vibrios 
which were otherwise very similar to the cholera vibrio, various types in 
w Inch several terminal flagella w"ere present and m one case there w'ere also 
lateral flagella 
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Gelatine and Agar Cultures — ^For years gelatine plates have been almost 
exclusively used in the isolation of cholera vibrios but investigations have 
shown that the growth does not always occur on gelatine plates in the typical 
way described by Koch, but that considerable variations may occur Never- 
theless these do not make the gelatine plate deceptive for diagnostic purposes 
and even the most atypical cholera colonies are easily distinguished from 
the intestinal bacteria which are commonly found It is a drawback that 
the growth goes on quite slowly on gelatine plates, because cultivating the 
plates at a higher temperature than 23° C must be avoided 
Various mixtures of agar and gelatine have been proposed which might 
allow the characteristic growth of gelatine plates together with the possibility 
of a more rapid cultivation It has, however, proven simpler and just as 
effective to use ordinary agar plates The fluid agar is allowed first to 
solidify in the Petri dishes and then to stand from one-half to one hour m 
the thermostat at 37° C , or five to ten minutes at 60° C , in order to evaporate 
the water of condensation The surface is then smeared with the material 
to be investigated Dilutions may be produced by smearing one after 
another the surfaces of several plates w'lth the same material The use of 
agar to wdiich 10 per cent of blood is added, is of value 
The colonies of cholera bacilli developing on the surface of the agar are 
brighter and more transparent m reflected light than the colonies of ordinary 
intestinal bacteria One frequently observes in the colonies of cholera 
organisms a margin, or ring formation,, but the grow'th of these colonies is 
not so characteristic as on the gelatine plates It is, therefore, advisable to 
transplant several of the suspicious colonies for further investigation 
Although the result can be reached more quickly wuth agar than with gela- 
tine plates, one should nevertheless inoculate the latter at the same time 
There are cases m wdiich the gelatine plates lead more surely to the desired 
result Tins is especially true of the investigation of suspected drmkingw'ater 
Methods for Accelerating the Growth — ^IVith the appearance of a disease 
suspected of being cholera, it is important to make a diagnosis as quickly as 
possible and efforts were made to discover conditions more favorable for the 
increase of the cholera than for other bacteria Schottehus pointed out, in 
1885, that the choleia vibrio is highly dependent on oxygen and therefore 
accumulates rapidly at the surface of fluid cultures If, therefore, cholera 
dejecta are covered wuth bouillon and put m a warm place, the cholera 
vibrios can be found in masses on the surface of the culture after ten or 
tw'elve hours In the Hamburg epidemic of 1892 the w riter observed that 
the cholera vibrio found particularly favorable conditions for growth in 
peptone solution wdiich was inoculated with the cholera dejecta for the 
purpose of develojiing the cholera red reaction, and soon collected on the 
surface in the form of a scum, as desenbed by Schottehus The wnter 
repeatedly succeeded, m cases where plate cultures failed, m cultivating the 
\nbnos by inoculating gelatine or agar plates from a solution of peptone 
w Inch had been inoculated w'lth dejecta and kept for three, six or nine hours 
at 37° C The Elbe and hydrant water w^ere studied in a similar w^aj, 
and, while other attempts by direct inoculation of plates failed, the wnter 
succeeded^^ in a number of cases in obtaining the bactena from suspected 
water Koch at once took an active interest in tins method, but he has 
never claimed to be its discoverer Nevertheless, it is 'given his name by 
some writers 
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An especial advantage in this method is the fact that larger masses of 
infectious material can be investigated, e g , several cubic centimeters of 
fseces Repeatedly the wnter succeeded in demonstrating the cholera vibno 
m material in which the direct agar or gelatine cultures were unsuccessful 
Of the suspected water even greater quantities were used than in the case of 
dejecta 

Resistant Forms — The idea is at present generally prevalent that the 
cholera vibrio does not form resistant bodies, but it has proved itself to be 
much more resistant to injurious agencies than was generally thought 
It IS important to know how long the organism can remain alive in dejecta 
and infected water, and whether in the latter an actual increase can occur 
It IS also of great interest to know how long the cholera vibrio lives on articles 
of food and under what circumstances the latter can be actually infected by 
insects which ha\e come m contact with cholera dejecta, and finally whether 
the cholera vibrio can increase in such insects 

From the fact that cholera in our latitudes spreads chiefly m late summer, 
the conclusion was drawn that insects could hardly be without influence 
Perhaps the cholera vibrio finds at that time more favorable conditions for 
grovdh However, in the summer more water is ingested than at other 
seasons and more opportunities are afforded for indiscretions in diet, which 
increase the susceptibility of the individual 

Cholera Vibnos in Healthy Persons —Koch held the view that, in Europe 
at any rate, man must be regarded as the real bearer and reproducer of the 
cholera organism Many isolated epidemics could theoretically be explained 
only on the assumption that completely healthy persons, or persons not 
noticeably diseased, had intioduced the organism and so formed the con- 
necting link This was first confirmed by the winter epidemic in Hamburg 
in 1892-93, when the writer with the help of the peptone culture medium 
was able to recognize the cholera vibrio in no less than 28 persons who vere 
completely healthy and besides had never suffered any sjTnptoras of cholera 
or the slightest diarrhoea The great importance of this discovery was mis- 
construed by many and used as the starting point for violent attacks on the 
Koch cholera theory 

The Length of the Stay of the Cholera Vibno in the Intestine of the 
Diseased — As a rule, living bactena are not found longer than eight or 
ten days Rommelaire found them after forty-seven days and Kolle after 
forty-eight days According to this, it must be regarded as definitely estab- 
lished that apparently quite healthy persons may carry around for a month 
and a half the cholera organism m a condition capable of developing, and 
m that way give rise to further infection 

Duration of Life of the Cholera Vibno in Dejecta — ^Investigations have, 
as a rule, indicated that the cholera vibrio can live only two or three weeks m 
dejecta But the writer was able to demonstrate cholera vibrios, still cap- 
able of developing, in cholera dejecta, kept at room temperature or on ice, 
after one hundred and sixty-three days Such a power of resistance in a 
material laden v ith foreign bacteria, shows that the cholera vibrio can exist 
long enough outside the human body to explain many facts otherwise very 
perplexing 

Influence of Temperature — ^The vital pow^er of the cholera vibrio is far 
greater at medium and low^ than at high temperatures Formerly it was 
believed that it, as a native of the south, demanded a high temperature and 
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that it must perish at a low temperature Therefore it was incomprehensible 
how the cholera could winter among us, but the writer has preserved cholera 
dejecta at a temperature of about 0° C and still found vibrios capable of 
developing after twenty days It has been possible to cool the cultures to 
—31 8° C without destroying the organism Even when the cultures were 
alternately frozen and thawed twelve times they still contained living 
vibrios Kasansky kept cholera cultures four months at a temperature 
between -6 and -31 8° C without the destruction of the vibrios 

Behavior of Cholera Vibnos m Corpses and m the Ground — ^In former 
years great importance was attached to the question as to whether infection 
could come from cholera graves But it has been experimentally shown that 
the vibrios perish very rapidly in the bodies of those dead from cholera 
The vriter made extended investigations in this direction m 1892-93, but 
they were all negative They are of especial interest on account of the fact 
that the land in which the cholera corpses were buried was drained to the 
depth of from 1 to 1^ meters We investigated the drainage water and 
found this not only free fiom cholera vibrios but also almost free from 
any living bacteria, although the ram water passed through ground in 
which thousands of cholera corpses had been buried In buried guinea-pigs 
w'hich had died of cholera infection, Petri, von Esmarch and Idem, were 
able to demonstrate the cholera vibrios only up to the fifteenth and nine- 
teenth days 

Power of Development of the Cholera Vibno in Water — ^^Vhat becomes 
of cholera vibrios when they pass into w'ater ? Until recently the view w'as 
held by many that the cholera vibrio wdiich passed into w'ater rich in othei 
bacteria must be destroyed within a very short time, and that there could 
hardly be anv question of their increase under such conditions This is a 
problem of great interest If w e must change our conceptions and reach the 
conclusion that the cholera vibrios possess far greater pow'ers of resistance 
in presence of other water bacteria or even the power of increasing in impure 
w ater, many still unsolved epidemological problems wmuld receive a satis- 
factory explanation In the WTiter’s opinion the material already before us 
is sufficient to prove that, even in our climate, the cholera vibrio is able not 
only to persist a long time in spring and river water, but that under certain 
conditions it can even increase 

It may be regarded as established that the cholera vibrio does disappear 
1 apidly in certain water, e g , according to Hankm, m the Ganges and 
Jumna rivers On the contrary it seems to find m the water of the Elbe 
very favorable conditions for development After the epidemic of 1892, 
many kinds of vibrios, whose biological characteis were extraordinarily 
similar to those of the cholera vibrio, appeared yearly for some years m 
enormous numbers m the w^ater of the Elbe during the autumn For a series 
of years they were absent or found only in small numbers In 1905, wffien 
cholera w^as introduced into Germany, these cholera-hke bacilli w'ere found 
m enormous numbers m the Elbe In 1906 they had entirely disappeared 
Haffkme has reported that he recognized in India, in the tanks in the 
neighborhood of wdnch cholera had existed, abundant cholera-hke vibrios, 
wffiile m the tanks m neighborhoods free of cholera such vibrios were regularly 
lacking In Hamburg w^e investigated frequently the w^ater of the Alster, 
one of the small tributaries of the Elbe, without ever finding cholera-hke 
vibrios in it 

VOL 2 — 46 
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It has been demonstrated that the cholera vibrios are capable of continued 
existence in sterilized water for a long time A year after the infection of 
sterile well water cholera vibrios still capable of developing may be recog- 
nized Even m sterile distilled water they exist for months The writer 
inoculated unsterilized Elbe water with cholera dejecta and was able to 
recognize cholera vibrios still capable of developmg after twenty-five days 
These specimens were kept at i oom temperature At the writer ’s suggestion, 
Oergel infected unsterilized Elbe water with the cholera vibrio and kept 
it in a refrigerator at 8 to 9° C From this he -was able after almost a year 
to isolate cholera vibrios capable of development Occasionally the recog- 
nition was difficult, at other times Oergel found that the cholera vibrios 
■were the predominant organism The latter, under the conditions mentioned, 
undoubtedly increased temporarily to a great degree Of course it is not 
proved by this that the cholera vibrio is able to exist as long m the free 
floiving ivater of the Elbe Still this is made probable by these findings 
Hankin also reported that he could recognize cholera vibrios in a "well for 
longer than a year In Hamburg in 1893 cholera vibrios capable of develop- 
ing could be recognized not only m the Elbe water at various points but also 
m the city hydrant w^ater Hence it must be assumed either that the cholera 
vibrios had persisted throughout a whole year in the Elbe or that they had 
been introduced anew m 1893 In both cases an increase in the cholera 
vibrios m the Elbe must be assumed If these had not been present in 
extraordinarily great numbers, indicating an active multiplication, it w'ould 
have been impossible to recognize them at various times and at various 
points m the rivei 

In the year 1896 cholera vibrios were again successfully isolated from the 
Elbe water The problem as to whether they had remained there from the 
year 1892 or had been again introduced w^as left undecided We were able 
in 1893 to recognize in the Oder, -where cholera had broken out, the cholera 
vibrios as well as in the Ruhr and in the harbor of Ruhrort when cholera 
prevailed there Personally, after such findings, the -writer considers it 
proven that the spread of cholera by water is, m our latitudes, to be regarded 
as dependent not only on cholera -vibrios which leach the water -viuth cholera 
dejecta and remain alive but also, under favorable conditions, on their 
increase there The attempts to solve the problem as to -whether the -w'ater 
in localities -which have never suffered from cholera does not allow of the 
development of the vibrios, w'hile that from infected localities may perhaps 
afford favorable conditions for their growdh, require great persistence and 
diligence The number of instances m -which cholera vibrios, capable of 
developing, have been recognized in wells and other sources of water supply 
has increased since 1892 but they are not yet sufficient to decide the question 
as to the degree in which cholera -vibrios are capable of increasing in rivei 
and -well water 

Power of the Cholera Vibno to Persist and Develop on Food Stuffs — 
How far may the transmission of the disease take place by articles of food 
■which are infected^ Strong has reported that in Manila cholera is un- 
doubtedly spread by articles of food Hankin reports the transmission by 
cucumbers which had been directly polluted by dejecta Instances of 
infection from many articles of food have been established All the expen- 
ments have shown that the cholera -vibrio lives for a relatively short time on 
foodstuffs In sterilized milk they giow well, but m unsterilized milk they 
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are destroyed as soon as the milk begins to sour, according to Kitasato 
Nevertheless, Heim was able to demonstrate living cholera vibrios in milk 
which had been sour for six days Since milk comes in contact with water, 
not only in adulteration but in the washing of the cans, great care should 
be devoted to it in times of epidemics 

Friedrich has written a complete review of the published researches as to 
the persistence of cholera ^ubrlos on food materials and has also earned on 
extensive experiments It may be said that the cholera vibrio remains alive 
on foods more easily when they are protected from sunlight and kept in a 
cool moist place Under such conditions Friediich could recognize cholera 
vibrios on cherries after five days, on currants after seven days, on grapes 
after four days, on pumpkins after seven days, on cabbage after twentv days, 
and on the cut surface of pears after four days, on that of apples after seven 
days, on that of cucumbers after seven days, on that of pumpkins after 
fourteen days, in cocoa after seven days, m coffee after one hour, m Munich 
beei after two hours, in Pilsen beer after one hour, and m red wine after ten 
minutes Rowland was able to demonstrate living vibrios in butter six days 
after inoculation This shovs that food materials which are not handled 
in a cleanly way, may very well act as the transmitters of the cholera vibrio 

The Transmission of the Cholera Vihno by Insects — ^This has been 
investigated experimentally by a number ot authors Living cholera vibrios 
have been found in flies one and a half hours after they had come in contact 
with cholera material Flies have been caught m the ward in which cholera 
patients lay and it has been shown that the cholei a vibrios were adherent to 
them Further, flies were fed with cholera material, and it has been shown 
that their intestinal contents, examined with all possible piecaution, still 
showed, after fourteen days, living cholera vibrios — which doubtless indicates 
an increase m the fly’s intestine 

Resistance of the Cholera Vibno to Chemical and Physical Influences — 
Definite resistant bodies (spores) have not yet been found, but the cholera 
vibrio IS able not only under specially favorable conditions to persist and 
multiply, but to keep up the struggle for existence under quite unfa\orable 
conditions They show themselves, however, very slightly lesistant to 
measures immediately directed to their destruction lAght Palermo 
proved that sunlight does not kill the cholera vibiio as long as the cultures are 
kept cool and Wesbrook confirmed this in so far as he shoved that the 
destruction of the cholera vibrio takes place m sunshine only when air is 
admitted According to Rieder the cholera vibrio dies under the influence 
of Rontgen rays m twenty or thiity minutes, while under the Finsen rays 
they die inside of a minute Desweahon In moist dust Germano was able 
to demonstrate 'the cholera vibrio for three months In dry dust they died 
at once According to Karhnsky the cholera vibrios lemamed alive on 
infected cloth for more than two hundred days as long as it was kept m a 
closed chest, but if the rags were dried before they were put into the chest 
the vibrios remained alive only thirty-six days If cholera de 3 ecta were used 
for such tests, instead of cultures, there appe 3 ,red to be a far slighter powei of 
resistance On glass plates the cholera vibrios remained capable of develop- 
ment for as much as one hundred twenty days as long as the drying took 
place not gradually in the air but suddenly m a desiccator Heat The 
cholera vibrio is very sensitive to heat The determinations of many authors 
agree that destruction is brought about by heating for ten minutes at 60° C 
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Similarly, the powers of resistance toward chemical disinfectants is 
e\tiaordmarily slight, thus, J per cent carbolic acid kills them in ten 
minutes, 1 per cent in five minutes, conosive sublimate 1 to 1,000,000 
in a few' minutes, hydrocliloiic and sulphuric acid 1 to 10,000 m a few 
seconds, etc 

Pathogemcity and Virulence of the Cholera Vibno — ^The assertion w'as 
made by the opponents of Koch’s theory that the cholera organism becomes 
non-virulent after passage through the human body and to produce an 
infection it must first undergo a soit of ripening in the soil There are, how- 
ever, means of proving that the cholera vibrio is virulent directly after its 
isolation from the dejecta of choleia patients Koch made the gastric 
contents of guinea-pigs alkaline and introduced pure cultures of cholera 
Others injected the cultuies directly into the duodenum of the animal 
In both w'ays a choleia-hke intestinal disease could be produced Similarly, 
fatal infections could be produced by subcutaneous and intrapeiitoneal 
injections into animals of puie cultures of cholera bacteria, wdiich presented 
a condition of the intestine such as seen in cholera Later, it proved possible 
to find animals w Inch suffer from natural infections of pure cultures of the 
cholera, for example, Sabolotny showed that 50 per cent of marmots die 
after feeding pure cultures of cholera, with lesions of the intestine coriespond- 
mg with those of the human disease Kaihnsky and Metchnikoff w'ere 
able to produce a fatal infection in sucking labbits, dogs, or cats, by mix- 
ing cultures of the cholera vibiio witli then milk 

Human beings, too, have sacrificed themselves for such experiments 
Macnamara made an observation accoiding to w'liich 19 men drank w'ater 
which contained cholera dejecta, 5 of them died of cholera In the 
Hambuig Hygienic Institute, Oeigel, w'ho had been continually occupied 
m investigating choleia, died from a cholera infection at a time w'hen 
theie w'as no cholera m Hamburg He had sucked up through a glass 
capillary tube a fluid rich m vibrios, and did not immediately disinfect his 
mouth Several other laboratory cholera cases have been obseived In 
1893, Pettenkofer and Emmerich drank a suspension of cholera vibrios m 
w ater Both became ill wutli a violent diarrhoea lasting several days It has 
been show n that, at least in some cases, the clinical picture of Asiatic cholera 
can be produced by simply swMllowing cholera cultures which have been 
directl) isolated from choleia dejecta wnthout having undergone a ripening 
process of any kind On the theory of Nageh, w Inch assumes the cooperation 
of tw o kinds of microorganisms m cholera, various investigators have made 
expeiiments Among them Metchnikoff succeeded m finding a bacterium 
which gieatly increased the pathogenic action of the cholera oigamsm 
Nencki has described bacteria which in themselves were non-virulent but 
which added gieatly to the virulence of the cholera vibrio This has no 
general significance because it is in the most intense cases of cholera that 
cholera vibiios are found m the intestine wuthout associated bacteria 

Cholera Toxins — Does the cholera vibrio set up a pure infection or pro- 
duce, as Koch maintained from the beginning, a toxin ? Gruber and other 
investigators held to the idea that the cholera vibrio acted as a purely infec- 
tious agent, and produced no toxins R Pfeiffer, how ever, show'ed that ani- 
mals w ould die after inoculation wutli killed cholera vibrios He filtered 
actively poisonous cholera cultures and show ed that the bacterium free filtrate 
w as not poisonous From this he concluded that the cholera poison adheres 
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closely to tlie bodies of the vibrios but was not e\creted by them, a view which 
many other investigators had taken According to R Pfeiffer, the symptoms 
are produced by the destruction of cholera vibrios m the body through v Inch 
the poison is set free In 1905 Kraus and Pribram obtained a toxin from 
cultures, which killed rabbits m a few minutes This was only done with 
certain cultuies, not with all, nhich explains Pfeiffer’s earliei negative 
results Kraus has obtained a, specific antitoxin 

Immumty — Gruber holds that in the case of cholera n e must be dealing 
with an infection and not an intoxication, because it is not possible to immun- 
ize the animals against the poison but only against the infection It has, 
lion ever, appeared that, m connection with all bacteria which do not secrete 
a poison as the diphtheria bacillus does, but contain it m their bodies, like the 
tj'phoid bacillus, all efforts have failed which have aimed at rendering ani- 
mals resistent to the poison m the way v Behring has done m diphtheria If 
one inoculates animals, e g guinea-pigs, rabbits, etc , repeatedlj'^ with the 
cholera vibrios they show themselves not much more resistant to larger 
amounts of killed cholera vibrios than normal animals But the immunity 
becomes evident when one injects laige masses of living cholera vibrios, 
which would surely kill normal animals, into these animals previously 
tieated vith cholera vibrios 

If cholera vibrios be injected into animals which have been treated with 
quantities of cholera vibrios which are not lethal, the cholera vibrios, as 
R Pfeiffer has shown, are gradually destroyed in these specifically immune 
animals Within a few^ minutes they are changed into minute particles oi 
granules and killed The further formation of poison is thereby inhibited 
In animals wdiicli are not immune an active increase of the injected cholera 
vibrios may be observed 

Pfeiffer’s Reaction — ^R Pfeiffer w^as fuither able to show that only 
cholera vibrios are influenced m tins W'ay m choleia immune animals and 
not other vibrios, not even those vibrios wdiich cannot be distinguished 
morphologically and culturally from cholera vibrios Thiough this discovery 
he assisted m a difficulty wdiicli ivas becoming awkw'ard In 1893, numerous 
vibrios occurred in the w^ater of the Elbe, w'^hich resembled precisely the 
cholera vibrios The question arose as to wdiether the inhabitants w'ere to 
be Avarned against the use of the hydrant Avater Such a measure would call 
forth a great outcry not only in Hamburg but in the Avhole civilized aa orld 
AA'hich had dealings with that city By means of Pfeiffer’s method it AAas 
possible wathout difficulty to proA^e that the majority of the vibrios found in 
the Avater of the Elbe Avere not to be regarded as cholera vibrios Pfeiffer 
Avas successful m making his specific immune reaction more practically 
useful by the discovery that it is sufficient to mix a small quantity of blood 
serum of cholera immune animals with the cholera vibrios in order to change 
them into granules and dissolve them even m the bodies of animals which' 
had not been so treated before This fragmentation occurs only m the animal 
body, not in a test-tube containing a mixture of cholera serum and cholera 
vibrios Solution of the cholera vibrios could thus be produced only Avhen 
some substance which is found in the normal animal body, that is some third 
factor found there, entered into play Bordet was able to prove that Pfeiffer’s 
reaction occurs also m the test-tube if a small quantity of fresh normal blood 
serum is added One can thus observe Pfeifer’s leaetion outside the animal 
body The establishment of this fact simplifies the technique still further 
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Agglutination — cholera vibrios be mixed with cholera immune serum 
the cholera vibrios become non-motde and accumulate m little clumps By 
this it was finally possible to exclude the group actions and to distinguish 
with certainty cholera vibrios from cholera-hke organisms For this purpose 
only those sera were used which caused distinct agglutination within a few 
minutes when diluted many thousand times 

The writer has made extended investigations to decide this point, in 
connection with cholera vibrios of wide origin These have shown that the 
agglutination method is specific as long as bacteria are used which are not 
agglutinated by physiological salt solution or diluted normal serum In 
other laboratories such universally good results have not been reached, but 
the impression is gamed that old cholera cultures grown for a long time on 
artificial nutrient media are unsuited for such investigations The unfavor- 
able results are dependent upon the use of unsuitable culture media or upon 
some injurious influences These new methods enable us to distinguish 
rapidly and with certainty the cholera-hke vibrios obtained by means of the 
peptone preliminary culture from the true cholera vibrio It is, m addition, 
even possible to test the blood serum of persons suspeeted of an infection 
with cholera as to whether it shows the specific cholera immune bodies This, 
under certain circumstances, has been very serviceable m suspected cases 
Cholera Antitoxin and Vaccination — After all efforts to produce an 
effective specific antitoxin for cholera had failed, cholera cultures have been 
injected for prophylactic purposes, analogous to Pasteur’s vaecination, into 
persons who were especially exposed to infection These injections were 
made first with attenuated or killed cultures and later with more vii'ulent 
ones Ferran is credited with having first made use of the method in cholera 
It was then applied in a systematic way by Haffkine m India, with m part 
favorable results By the inoculation of virulent cholera one may, according 
to the results of Pfeiffer and Kobe, produce an effect which may be recognized 
even after a year by the presence of the immune substances in the body of 
human beings and animals thus treated Work is m progress to determine 
whether an effective protection may be reached by administering the products 
of metabolism of the cholera vibrio, without the vibrios themselves The 
success of Kraus in obtaining a specific cholera toxin and antitoxin is of 
special interest m regard to the possibility of as satisfactory results as have 
been obtained m diphtheria 

Pathological Anatomy — Bodies m the algid stage present a dusky 
gray-blue color The lips, eyelids, and feet are often blackish-blue, the 
countenance is pale and sunken, the eyes are half open The skin, loose 
and wrinkled, can easily be lifted The abdomen is generally contracted and 
of a pasty consistence Rigoi mortis is marked The fingers are often 
tightly bent and postmortem twitchmgs are frequent As a rule nothing is 
seen of the exanthems observed zntia vitam 

The subcutaneous tissue is dry, the musculature shows no striking change, 
nor is any characteristic alteration to be found m the central nervous system, 
except for the occasional congestion The lungs frequently show lobar 
pneumonia, vhich may be observed fiom the third day of the disease, pul- 
monary oedema, and hemorrhages into the tissues The mucosa of the air 
passages is often reddened and filled with mucous material Hemoirhages 
of the size of lentils are often found in the pleura and over the epicardium 
In the second and thud weeks of the disease fresh hemorrhages are less fre- 
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quently found The heart muscle in many cases shows considerable degen- 
eration with slight cloudy swelling The condition found m the peritoneum 
and in the intestinal tract is most characteristic In a person dying in the 
attack, the small intestine presents a rose-red color, with great injection of 
the vessels and a ropy coating The extent to which the intestinal loops are 
filled varies Empty convolutions alternate with those which are distended 
and whose opaque white contents shimmer through Agonal intussuscep- 
tions of the small intestines are also observed The intestinal contents are 
usually like rice water but sometimes colored with bile or bloody, though 
at times simplj' diarrhoeal 

The intestinal mucosa is sometimes of normal color, but as a rule 
is reddened and oedematous But often, as foi example in the later stages, 
m consequence of diphtheiitic or necrotic processes, it is blackish-red with 
ecchymoses The mucosa is, as a rule, deprived of its epithelium throughout 
considerable portions The solitary nodules are swollen and show generally 
small hemorrhages in the centre These changes are especially definite in 
the small intestine, particularly m the lower ileum, but they occur sometimes 
m the colon The desquamation of the intestinal epithelium w^as regarded 
for a time as the expression of postmortem maceration, but according to 
E Frankel it is a vital process — the effect of the specific activity of the cholera 
vibrio 

Koch determined that the vibrios penetrate into the tubular glands of the 
intestinal mucosa and there produce an extreme irritation Often the vibrios 
W'ere found behind the epithelium of the gland On the surface of the vilh 
they are to be found in great numbers With bloody infiltration of the 
mucosa, the bacteria are found in the deeper layers, m places even penetrat- 
ing the musculature of the intestine The chief seat of the invasion is m the 
longer ileum, w'here the most intense anatomical alterations are found In 
the diphtheritic processes the mucosa of the intestine exliibitedadeep necrosis 
wuth serous infiltration and swelling of the submucosa and muscularis In 
the beginning of the diphtheritic piocess extensive hemorrhagic infarction 
of the villi occurs 

The stomach seldom show's characteristic alterations At times there are 
necroses of the mucosa, and in these areas the cholera vibrios may be found 

The kidneys are intensely affected even as early as from four to nine hours 
after the onset Macroscopically at that stage no alteration is found, except 
the opacity of the labyrinthine portion of the kidney, but microscopically, 
extraordinary sw'elling of the epithelium of the conyoluted tubules may be 
observed The portion of the cell body turned tow'ard the lumen presents a 
sieve-hke perforated appearance The contours of adjacent cells are lost 
The nuclei are seldom altered, as a rule only the cell protoplasm Later 
theie IS a complete dissolution of the cells From the second to the fourth days 
of the disease the kidneys show great congestion, so that the cut surface 
appears dark grayish-red, and in the border zone shows a dull-red color 
Microscopically the glomeruli and intertubular capillaries are filled, and in 
the secreting parenchyma the plasmolysis is much further advanced After 
the third w'eek the regeneration of secretory renal epithelium begins 

The bladdei is strongly contracted and contains only a little turbid urine 
loaded with hyaline and finely granular casts From the third day on, one 
finds as a rule larger amounts of clear urine The mucosa often show's 
minute hemorrhages 



728 


INFECTIOUS DISEASES 


The spleen is as a rule but little altered, although multiple hemorrhages 
of lentil to hazelnut size may be found m it In the liver, beside slightly 
cloudy swelling of the parenchyma, there are seldom any changes During 
the first days of the disease the gall-bladder contains a very little dark thick 
bile Subsequently the bile is more liquid and clearer 

In the long bones the fatty marrow becomes gelatinous and of raspberry 
color Occasionally focal or diffuse hemorrhages are found 

The blood, spleen, kidneys, and liver are as a rule free from bacteria In 
the lungs foreign microogamsms occur Rekowski reports, however, that 
in 14 cholera autopsies he found the cholera vibrios m the liver, kidneys, and 
heart 

Incubation — ^At the beginning of a cholera epidemic one observes, 
beside the extraordinarily rapidly fatal cases of the disease, all gradations 
down to scaicely recognizable diarrhoea These latter occur much moie 
frequently than had been generally supposed Cases also occur in which no 
symptoms whatever appear and only the discovery of the living cholera 
vibrios in the dejecta shows the existence of the infection Many observa- 
tions show that, following an indiscretion m diet, or emotional disturbances, 
rapid and unexpectedly severe choleraic symptoms may appeal It is clear 
from this that no unanimous results can be reached as to the incubation time 
Based in results from individuals who came from cholera-free places to 
infected localities, it has been determined that the disease appears, as a rule, 
two and a half to five days after their arrival The individuals who drank 
cholera vibrios sickened, at the earliest, twelve hours afterward In epi- 
demics the disease frequently appears twenty-four hours after the opportun- 
ity for infection On the other hand the incubation period may last from 
eight to fourteen days As a rule the incubation period lasts from two to 
three days, but if one reckons the slight prodromal diarrhoeas, it must be 
regarded as shorter 

Symptoms — At present five forms of cholera are distinguished 

1 Cholera Infection Without Defimte Symptoms — Here living cholera 
vibrios are found m the liquid, semi-sohd, or even solid stools of completely 
healthy persons v ho show no symptoms, or scarcely noticeable symptoms, of 
intestinal distuibance Under unfavorable conditions this may pass on into 
the moie severe forms, but in many cases the cholera vibrios soon disappear 
from the stools without definite disease having existed 

2 Cholera Diarrhoea — In this more or less frequently yellowish stools, 
colic, flatulence, coated tongue, thirst, and a feeling of pressure m the region 
of the stomach are observed The condition may be recovered from m a few 
days or it may become more severe 

3 Cholenne — ^This is characterized by rice-water stools, vomiting and 
general disturbances Forms 2 and 3 were previously described together 
as the first stage of cholera and spoken of as prodromal diairhcea 

4 Pronounced Cholera — ^This was previouly called the second stage 
of cholera 

5 Stadium Comatosum — ^The patient show's extreme intoxication wuth 
cessation and decrease of the stools and vomiting, sometimes wuth fever, but 
oftener wuth subnormal temperature, he becomes somnolent, delirious and 
comatose Frequently anuna appears, w'hich is an unfavorable sign, as is 
also a subnormal temperature The forms wuth fever often result favorably 
The cholera diairhoea may sometimes pass directly into the stadium coma- 
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tosum without there having been at any time a typical attack of cholera 
Since the cholera vibrios may be demonstrated as long as the third or fourth 
week of the disease, it is not unpossible that the stadium comatosum is to 
be regarded as a sort of chronic cholera 

Since the mildest cases differ not at all from an ordinary diarrhoea, we 
need only concern ourselves with a typical pronounced case of the disease 
This presents the following symptoms In the first part of the so-called 
prodromal stages thin, fluid masses of normal color are discharged without 
pain or straining, although there are some colicky pains m the abdomen At 
times loss of appetite, slight feeling of nausea, dulness and lassitude are 
present The hands and feet may be cold These symptoms may disappear 
m one or two days or the condition may become suddenly worse and the 
second stage develop (the true cholera attack), with unusually thin fluid 
stools, rapidly following one another without any tenesmus In the begin- 
ning the discharges are bile-stained, but later they become colorless and 
have a w'atery appearance, rendered turbid by grayish-white flecks — the 
so-called rice-w^ater stools 

Simultaneously vomiting sets in At first everything the stomach contains 
IS ejected, then the vomitus assumes the character of the rice-water stools 
Often there is singultus The appearance of the patient changes rapidly, 
the skin becomes lax and w'rmkled and wdien folds are pulled up they dis- 
appear slow'ly The nose becomes thin and pointed, the eyes sink deep into 
their orbits, and the cheek bones stand out prominently This is the facies 
cholenca The heart impulse, the heart sounds, and the pulse, become 
W'eaker, the nose, ears, and extremities feel cool, the skin assumes a dark 
gray color, grayish-blue rings appear around the eyes, the lips become 
bluish, as do also the hands and feet, especially around the nails The 
secretion of urine gradually ceases, torturing, unquenchable thirst ensues, 
cramps appear in the calves, in the thigh muscles and m the muscles of the 
arms and abdomen The reflexes are greatly diminished, the pupils react 
only slowly The voice becomes hoarse and toneless A sensation of suffoca- 
tion arises The patient is completely exhausted, coiniplains of faintness and 
palpitation of the heart as well as confusion, anxiety, and a feeling of heat, 
although the surface temperature is subnormal, wdiile in the rectum it may 
be 104° F The greater the difference between these two temperatures, the 
more unfavorable the prognosis Consciousness remains complete but the 
patient sometimes becomes apathetic In the most severe cases the disease 
passes on into the third stage (stadium algidum) which in the great majority 
leads to death This stage is characterized by almost complete cessation 
of circulation The action of the heart is weak and irregular, the first sound 
IS impuie, the second often inaudible the radial pulse almost impalpable 
If a well-filled vein be cut, dark and thick blood flows which does not become 
lighter m the air In the worst cases no blood flows at all, even if aiteries 
are cut The breathing is labored, the skin is moist and cold, often covered 
with sticky perspiration The skin is lead-gray, the fingeis, toes, and ears, 
dark violet, the discharges decrease gradually, the patient is completely 
voiceless, dark spots appear on the conjunctivse, and the cornea becomes 
opaque Friction murmurs appear in the pericardium and pleura as a result 
of lack of moisture Consciousness is still present but dulled Violent thiist, 
precordial distress, and a feeling of depiession persist This death-like 
condition gradually passes into real death, sometimes only a few hours after 
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the beginning but often not until the second day Recovery after this stage 
seldom occurs 

The Stage of Recovery (Stadium Restitutioms or Reactioms) — ^The 
vomiting ceases, the stools become less frequent, of greater consistency and 
gradually assume a bile-stamed appearance The symptoms described 
giadiially disappear In less severe cases complete health may be recovered 
m a few days, m others convalescence is long and the heart action lemains 
weak and variable The urine contains large amounts of albumin Some- 
times febrile periods occur — ^thc reaction fever, which lasts for one or more 
days with rapid pulse, dull heart sounds, headache, and even delirium and 
somnolence While exanthems do not appear in the height of the attack, 
the most various changes in the skin may bo observed in the stage of restitu- 
tion These may be bluish-red spots or swollen red flecks forming a rose- 
color rash and laiger erythema-hke patches of red color and of various forms 
which may be spoken of as erythema annulare Sometimes also nodules are 
seen, the roseola papulosa or urticarial wheals may form Finally there may 
be extensive reddening and swelling which resembles erysipelas Small 
hemorrhages, larger vibices and sugillations may appear or vesicular 
eruptions and wheals These exanthems occur most frequently on the 
extremities In convalescence there is a tendency to the formation of 
furuncles and in some cases even phlegmonous inflammations 

Choleia was previously considered as a general disease chiefly on account 
of the exanthems observed m its course but is now regaided as a local infection 
of the intestinal tract with a consequent intoxication Symptoms have been 
observed also in diseases which begin with a great loss of fluid, which have 
the greatest similarity to those of the severe types of cholera Not only is the 
general appearance of the patient similar but also the muscular cramps, 
inspissation of the blood, etc By administration of water in such cases it is 
generally possible to overcome these symptoms According to some the 
majority of the sjTnptoms of cholera may be explained by a simple loss of 
water which lesults from the action of the toxin of the cholera vibrio 

Against this intoxication theory, the objection is that the most severe 
sjTnptoms appear at a time when the intestinal mucosa is so altered as to be 
incapable of absorbing any poison, but before the destruction of the mucosa 
sufScient poison may be absorbed to explain these phenomena There 
was a tendency to explain the exanthems as due to circulatory disturbance 
This might be true m the case of the bluish patches, and gangrenous 
processes, but most of the other exanthems are probably the direct result of 
the action of the toxin Until recently decisive observations were lacking, 
because one could not apply experimentally such toxins as might be here 
concerned But as the introduction of the smallest quantities of pollen toxin 
causes m a short time the most varied exanthems, which in many cases are 
exactlv sunilar to those seen m the cholera, the explanation of the cholera 
exanthem as the result of a direct action of the toxin seems fortified The 
appearance of the exanthem is generally thought to be an unfavorable 
sjnnptom 

GonipllcatlOllS and Sequelae — ^In many patients complications appear 
which are a more or less direct result of the disturbances caused by cholera 
intoxication These have been explained as due to decreased resistance to 
injurious influences Besides the nephritis, the exanthems, the diptheiitic 
inflammations, and the hemorrhages, which occur m all mucosae, pneumonia 
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and infarcts m the lung, spleen, kidneys, and other organs may also occur 
In raie cases pleurisy, peritonitis, meningitis, abscess formation, bronchial 
catarrh, catarrhal cystitis, icterus, and venous thrombosis occur In many 
patients anremia, emaciation, and general debility, especially in the digestive 
functions, follow In certain cases this may amount to marasmus, and in 
rare cases mental weakness or even insanity, generally of a melancholic 
character, may appeal In habitual drinkers, cholera may occasion an attack 
of delirium tremens 

The most frequent and characteristic sequel is the “cholera typhoid,” 
which occurs in about one-quarter of all severe cases in the second half of the 
first week General debility and exhaustion appear with a special limitation 
of the psychical functions Apathy, sleepiness, headache, serious disturb- 
ances of consciousness, delirium, a soporous condition, even amounting to 
deep coma, occur Cramps in different muscles are frequent, generalized 
convulsions are less common The tongue and lips are dry and cracked, 
often with blackish sordes Rales are to be heard throughout the lungs 
There may be considerable elevation of temperature and frequently a 
dicrotic pulse as v ell as quickened breathing An attempt has been made 
recently to explain the “cholera tjqihoid” chiefly as a result of poisoning 
iiith cholera toxin But undoubtedly the action of foreign bacteria is 
important The phenomena may be explained under certain circumstances, 
according to Liebermeister as chiefly the result of changes which the brain 
has suffered in an attack of cholera In other cases uraemia forms the basis 

Treatment — ^Until good results are obtained from the specific antitoxin 
we are still dependent on expectant or symptomatic treatment In cholera 
without symptoms, t c , in the mild diarrhoeas, it is necessary to provide a 
regular mode of life, and prevent excess of every kind, especially in eating 
and drinking The use of opium has not always proven rational After a 
transient cessation of the diarrhoea severe disturbances often appear Koch 
used opium to quiet the intestines of the animals experimented on and in this 
V ay gave the cholera Aabrio an opportunity for multiplying With the hypo- 
dermic use of morphia, a favorable influence on the circulation was m many 
cases brought about, the cyanotic color disappeared and the pulse was 
improved 

Specific antiseptic materials which might be expected to inhibit the grovi:h 
of the cholera vibrios in the stomach and intestines have been without value 
We have fallen back on materials which cause the organisms to be foiced 
out of the intestinal canal Castor oil and especially calomel have been used 
According to Rumpff, it is best to give 0 03 to 0 05 gm (gi | to f ) of calomel 
every two hours for one or two days In this way the adult takes a maximum 
of 0 6 to 1 0 gm (gr 9 to 15) For children the dose is to be correspondingly 
diminished If the pulse of the patient become rapid and small the hypo- 
dermic injections of morphia prove helpful 

In well marked cases the vomiting interferes considerably with the treat- 
ment Sometimes this may be temporanly stopped by the administration of 
small pieces of ice In other cases a quieting of the stomach must be at- 
tempted by narcotics Injections of morphia of 0 005 gm (gr and more 
are "ecommended for this The vomiting and cramps may be relieved and 
also the excitement and the subjective disturbances Hot baths affect some 
patients favorably, but they must be interrupted if attacks of fainting or 
collapse appear In mdiyidual cases it was observed that the cholera 
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exanthcms developed as an immediate consequence of the hot baths, m 
other cases the blue-gray color of the skin disappeared, as well as the ciamps, 
the pulse improved and convalescence set in In many cases it is necessary 
to give several baths 

When the pulse becomes small and the heart sounds weak, camphor oil 
should be given hypodermically Fluid can be given by intravenous or sub- 
cutaneous injection of salt solution, but it is yet undecided as to vhich of 
these methods is preferable Sometimes after the intravenous injection of 
a liter of fluid at about 40° C the pulse improves, the respirations become 
deeper, the somnolence disappears, and the skin assumes a reddish color 
But the course is not so favorable m all cases and there may be no reaction 
whatever Oecasionally after several injections and as much as six liters of 
salt solution have been given, a permanent good result is attained Of such 
apparently rescued patients some die of coma Cantani, wdio recommended 
an enema of tannin, prefers subcutaneous injection to the intravenous, 
because the mixture with the blood takes place more slowly and thoroughly 
In the stadium comatosum, baths up to 35° C with subsequent packs in 
woolen blankets, as well as sweat baths, after abundant administration of 
milk and water, are recommended but the results are seldom favorable 

Measures for Combating the Epidemic — Before everything, it is impor- 
tant to 1 ecognize at once the first case of the disease and to take measures to 
prevent its transmission and spread It may be regarded as the duty of 
every physician to see that in every suspicious case there is at once an expert 
examination of the dejecta for the cholera vibrio Until the examination is 
completed the patient is to be treated as if he really had cholera 

As soon as Asiatic cholera is recognized all efforts must be turned toward 
the discovery of the source of infection It is especially important that the 
board of health be immediately notified In most countries the measures 
which must be carried out on the appearance of cholera are defined by law 
Procedures W'ere agreed upon by the Dresden convention of 1893, as Avell as 
by the International Conference at Pans in 1894, by which an effort Avas 
made to prevent cholera from leaving the country m which it originated and 
also to prevent its traveling from one European country to another If 
these measures are earned out m such a systematic way as they Avere m the 
years 1893-94, and especially 1905, in Germany, Ave shall not have much 
more to fear from Asiatic cholera in Europe and America, and it might then 
be considered as the disease of the nineteenth century Unfortunately many 
countries are not so Avell prepared for the struggle as Germany, and one can 
not everyw'here depend on finding the necessary cooperation In 1894, 
cholera, although it was introduced into hundreds of German localities, 
could be regarded as completely extinguished in that country In adjacent 
countries, however, it then raged in a most destructive AV'ay In 1905 it w'as 
again introduced into more than 100 German localities but was extinguished 
in all AAithin a feAA’’ months This brilliant success m Germany Avas due 
entirely to Koch’s logical plan of fighting the disease He stated that “how- 
ever simple or complicated one may regard cholera, there is ahvays a chain 
of circumstances AAdiich is sometimes short and sometimes very long As 
soon as we succeed in breaking a single link in this chain, the chain Avhether 
long or short must break That link of the chain A\^hich aa-c knoAV most 
exactly and against w^hich w^e can act most successfully is the cholera 
Aabno Of the other necessary causes w'e still know too little to use them 
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piactically in the struggle against cholera As soon as we know them we 
will naturally use them also ” 

The cholera germ is present in a condition capable of producing infection 
m the intestinal contents of persons suffering fiom cholera, it may also be 
found after recoveiy from the disease, and may also occur m individuals 
exposed to infection although they show no symptoms of the disease In 
order to start a new infection the cholera germ must, without having pre- 
viously become dry, gam entrance into the digestive tract of a susceptible 
individual It is not spiead through the air Direct transmission is more 
frequent the more unclean the surroundings of the patients With sanitary 
surroundings such transmission may be prevented Soiled clothes are 
especially to be consideied, as well as the infected persons themselves, in the 
tiansmission of the germ The most usual medium for transportation is 
water, on the one hand because it preserves the germ Avell, and on the other 
hand because it is more readily defiled by cholera dejecta than any other one 
food material Besides, water most easily carries the cholera germ uninjured 
through the stomach 

With those who recognize the correctness of this state of affairs there can 
exist no important differences of opinion as to the means to be taken to 
protect against cholera Such measures, however, involve in part serious 
injuries to propertv, not only for the individual and communities but also for 
whole provinces One must assure oneself in connection with each measure 
that the good to be obtained is commensurate with the damage produced 
The responsibility for the ordeiing of measures which exceed certain limits 
should be left to the higher authorities It has always been the tendency, 
especially among the laity, to proceed to the extravagant use of disinfectants 
even in places which the choleia infection could never reach The safest 
guard against cholera is to be sought in the abundant provision of cities and 
localities with unquestionably good water, as well as careful removal of fsecal 
material and garbage In communities whose Avatei supply is perfectly good 
one may without great difficulty prevent the introduction of the cholera germ 

As to the conditions of life, much can be done m a preventive v ay Where 
people live crowded together in a dark dwelling, the disease finds its most 
favorable soil and forms foci and spreads uncontrollably On the basis of 
such experiences it has been called the disease of the proletariat I^ess is to 
be expected of limitations of intercourse The leading authorities have not 
allowed themselves to err in the idea that intercourse should remain perfectly 
free On the basis of experience in Germany, transportation of freight may 
be allowed to go on freely and the transportation of people may be limited 
merely to their undergoing medical supervision Even persons coming from 
an infected region may enjoy unlimited freedom as long as some supervision 
IS kept over them In the case of homeless people, tramps, etc , who have 
been shown to be especially prone to cholera infection, a more thorough 
control IS justified This is true also of immigrants who come from infected 
regions Further, the crews of river boats are to be carefully watched in 
tune of cholera infection The value of a quarantine for foodstuffs is not 
commensurate with the injury that arises from such a measure Each 
person, however, should make a rule to eat nothing uncooked that does not 
come from a thoroughly trustworthy source 

For ships, instead of quarantine, a medical review together with rational 
methods of disinfection is suitable Suspicious persons only should be kept 



734 INFECTIOUS DISEASES 

under observation, and these for not more than five days In view of sueh 
measures ve may finally throw aside completely the system of hushing up 
cholera epidemics formerly so much adopted 
In Germany the central boards of health have sent especially trained 
physicians and nurses to infected places This plan has been particulaily 
successful The patients must be at once isolated Wheie the hospitals are 
msuffieient one may conscientiously use the schools for the accommodation 
of the sick The disinfection of dwellings may be limited to the excreta and 
objects that have been soiled Infected, overfilled, and miserable dwellings, 
wretched hovels, etc , should be cleaned out on the appearance of choleia 
Such prophylactic measures are especially important m ships Special care 
must be employed in preventing the infection of drinking and wash watei 
The German Federal Council adopted rules m 1894, which everyone 
should keep for reference who has to do with the struggle against 
cholera In these directions the plans for disinfection aie set down m detail 
The proposal is there made also, that m cholera infected places a health 
commission should at once be organized, which might support the municipal 
authorities in the carrying out of the efforts against the disease The neces- 
sary procedures for disinfection are described, and further arrangements are 
given for the reporting of cases 

A detailed repetition is not possible here, but we repeat the directions 
which refer to the bacteriological determination of the cholera vibrio and to 
disinfection ^ 

Procuring Material — From the Living Subject — ^About 50 cc of the 
dejecta are taken without the addition of any disinfectant A number of 
cover-slips are to be smeared with the dejecta, preferably with a paiticle of 
mucus, for microscopic investigation When possible several agar cultures 
are to be made on the spot Linen freshly soiled with dejecta is to be treated 
in the same way as the dejecta themselves 

From the Cadaver — ^The peritoneal cavity is opened and three loops of 
intestine, 15 cm long, are ligated at each end and taken out, one is from the 
middle part of the ileum, one about 2 meters above the ileociecal valve, and 
one immediately above it The last-mentioned is the most important Thick 
walled bottles vith boiled corks may be used for sending this material 
These bottles must be freshly boiled and must not come into contact with 
disinfectants The microscopic examination is made with smear prepar- 
ations which are to be stained v ith diluted carbol-fuchsin (1 to 9) Hanging 
drops are prepared vith peptone solution and these are to be examined 
immediately, and after half an hour’s incubation at 37° C 

Two senes of gelatine plates are prepared, of which the original plates are 
to be smeared with a small fleck of mucus or with a loop full of the mateiial 
The gelatine plates are best incubated at 22° C After eighteen hours the 
examination may begin v ith the use of a cover-glass preparation The agar 
IS poured out into Petri plates and dried for a half hour Then the surfaces 
of the plates are successively smeared -with a fleck of mucus The agar 
plates may be examined after remaining from eight to twelve hours at 37° C 
Peptone Preliminary Culture — ^Reagent glasses with 10 cc of peptone 
solution are infected and, after remaining from three to twelve hours at 37° 
C, examined microscopically If cholera-hke vibrios are found on the 
surface, agar and gelatine plates are made from this culture Further small 
vessels Vrith 50 cc peptone solution and 1 cc material aie prepared and, 
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after being incubated at 37° C for from three to twelve hours, are examined 
From the plates suspected colonies are transplanted on agar After the 
development of these the agglutination test is carried out Water suspected 
of being infected is made into a 1 per cent peptone solution by the addition 
of concentrated peptone solution in quantities of 50 cc to 1 liter of water 
After remaining fiom eight to twelve hours at 37° C this is examined in the 
same way as the peptone preliminary culture In 1905 the writer added 
cholera serum diiectly to a fleck of mucus or to a diop of the dejecta and 
thereby was able at once to declare cases as not being cholera, although 
the dejecta contained cholera-hke vibrios and the patients had suspicious 
symptoms The negative results were confiimed later by other methods 
With the first case of the disease m a locality all methods of investigation 
described must be made use of Aftei the presence of the eholera vibrios 
is established, the investigations may be considerably curtailed 
Interpretation, of the Results — ^The diagnosis is regarded as ceitam 
when all the morphological and cultural characteristics are met with and the 
agglutination test as well as Pfeiffer’s reaction are positive Convalescents 
are to be regarded as no more infectious when the examination has proven 
negative on three days, each separated by one day 
Disinfection in Cholera — ^The following are to be considered as dis- 
infectants, cresol water (2^ per cent ), carbolic acid solution (3 per cent ) 
chloride of lime (1 to 50), milk of lime 1 to 5, formaldehyde, and disinfection 
by steam and in suitable cases by boiling The dejecta are mixed with equal 
quantities of the above-mentioned fluids and after two hours the disinfection 
may be regarded as complete For the disinfection of soiled clothes, cresol 
water is recommended For the disinfection of dirty water, chloride of lime 
and milk of lime are useful, for closets, cresol water and milk of lime, for 
the contents of privy pits, chloride of lime and milk of lime 
The disinfection of the hands and other parts of the body may be accom- 
plished by cresol water and carbolic acid solution Bed linen and under- 
clothes, washable pieces of clothing, etc , are to be boiled or placed m carbolic 
acid solution for a period of two hours Pieces of clothing which cannot be 
washed, mattrasses, carpets, etc , are to be disinfected by steam The sur- 
roundings of the patient are to be washed with cloths soaked in cresol water 
or carbolic acid solution It is necessary to disinfect the place where the 
patient or corpse lies and the neighborhood for a distance of about 2 meters 
Formaldehyde disinfection comes into use in cholera only for surfaces, as 
the walls of a room Leather, wood and metal structures are washed 
thoroughly with carbolic acid solution or cresol water Furs are washed 
with the same solution Earth, plaster, sinks, etc , are disinfected with 
diluted cresol water or milk of lime 

The bodies are wrapped m cloths soaked with cresol water The floors 
of the coffins are covered with sawdust, peat dust, or other absorbent 
material 
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YELLOW FEVER 
JAMES CARROLL, M D 

S37noil3nns — ^Yellow jack, bilious remittent yellow fever, haemagastnc 
pestilence, black vomit, Gibraltar fever, Barcelona fever, fievre jaime, Gelbes 
Fieber, el vomito, fiebie amanlla, typhus icterodes, pestis Amencana, febris 
maligna biliosa, etc 

Definition — ^An acute, specific, infectious, but non-contagious disease, 
charactenzed by fever occurring occasionally in one, but generally in tv o, 
paioM'sms, the first of these is of short duration and followed by a bnef 
remission or intermission vhich is succeeded in turn by secondary fever, 
accompanied by albummuna, jaundice, passive hemorrhages from the 
mucous membranes, and, m severe cases, black vomit 

History — ^As far as can be gathered from the history of theNewWoild 
the central portion of the American continent has always been the endemic 
home of this disease The earliest authentic accounts locate it in the middle 
of the seventeenth century in the Antilles, whence it was carried to adjacent 
ports by the early Spanish navigators who also conveyed it to more distant 
localities The disease is largely one of seaport towns and maritime districts 
in tropical and subtropical climates Hence on account of her geogi aphical 
situation, her extensive coast-hne, and her large commercial interests, the 
United States has suffered more from yellow fever than any other country 
Her medical history teems with accounts of epidemics of yellow fever and 
bilious remittent fever, and descriptions of the latter justify us in considenng 
them, certainly the majonty, to have been yellow fever Certain places or 
localities have long been regarded as penuanent endemic foci of yellow fever, 
among these may be mentioned Vera Cruz, Havana, Rio de Janeiro, and 
the west coast of Afnca The disease has become endemic only m places 
situated within the tropics, from these it may be earned to subtropical 
legions, where its ravages continue dunng the greater part of the year, until 
the inhabitants have become immune, or its progress has been arrested by the 
occuiience of frost In the tcmpeiate zone it may be intioduced and fail to 
spiead, or, if it be accompanied by the proper mosquito, it may destroy 
thousands of lives within a few months Here, also, the appearance of severe 
fiosts puts an end to the outbreak That the infection may be earned long 
distances on water has been shovn bythe occurrence of outbreaks at Barcelona 
and other Spanish ports dunng their intercourse with the West Indies, and 
by the losses suffered by the Bntish m the tiansportation of their troops be- 
tv een the West Indies and the west coast of Afnca or the northern part of this 
continent It has seemed remarkable that, notwithstanding her constant 
intercourse v ith infected ports and the frequent occurrence of the disease 
upon her vessels, Great Bntain has never expenenced a widespread epidemic 
of lellow fever, but we knov now that her climate is not favorable to the 
propagation of the carrying agent of the disease — a mosqmto of the genus 
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Stegomyia A century ago the Bntish troops and foreign inhabitants in 
Jamaica were from time to time decimated by this pestilence, and the island 
was designated the white man’s grave It was soon learned from experi- 
ence that people could escape the infection by removmg to mountainous 
districts durmg the warm season, and by acting upon this knowledge they 
haveeradicatedyellowfeverfromtheisland This isexplamed in the following 
way Theinfection exists only in man and in themosqmto,whichhasbecome 
a domesticated insect Dunng the season of the year when epidemics were 
known to prevail, non-immune persons were advised to leave the city and 
leside m the hills surrounding it The native negroes who remained were 
wholly or partially immune When cases of the disease were received by 
importation during the wmrm season, there were few or no susceptible per- 
sons at hand through whom extension could take place, consequently when 
the non-immune residents returned m the winter season the inosqmtoes had 
become inactive and the danger was removed 
It ivas observed long ago by the British surgeons in the West Indies that 
the incidence of cases of yellow fever wms proportionately much greater 
among men who slept upon the ground floor of the barraclcs than among 
those quartered in the second story William Ferguson,^ a surgeon at Sierra 
Leone, reported in 1839 that an interval of three or four weeks always 
elapsed between the landing of the first cases and the appearance of the 
epidemic following Carter^ confirmed these important observations sixty 
years later in the United States and fortified them with data 

It wms shown in Baltimore, more than a century ago, that yellow fever 
, ivas non-contagious, for hundreds of cases ivere treated in the city proper 
and no extension took place from them ® Yet it wms ]ust as clearly shoivn 
that in the majority of instances the persons who became infected had 
visited certain "wharves or their localities after dark It was also remarked 
that, dunng the epidemic, the city was badly infested "with mosquitoes, 
"vs^hile ordmanly it had been remarkably free from them These obser- 
vations are of the greatest histoncal interest because of their beanng upon the 
mosquito theory, which at that time had not been demonstrated, but by 
means of "which at the present day every known fact in connection "With the 
etiology of the disease can be explained 
In 1878, yellow fever was successfully controlled in Mobile, Ala , as 
long as quaiantine of the patients and sulphur fumigation were practiced, 
but upon the discontinuance of the former an epidemic took place On 
the Island of Cuba, at the City of Santiago, yellow fever disappeared in 1899, 
because durmg the Ainencan occupation all suspicious cases of fever were 
removed at once to an island nearly one mile across the bay The mos- 
quitoes that were infected on this island could not become a source of 
danger to the city, because onlyimmune persons were permitted to accompany 
the patients who were taken there, and though some of the latter suftered 
from yellow fever after recovering from malana, the mhabitants of the city 
escaped any further infection 

Within the past five years, Havana, one of the chief endemic foci of yellow 
fever, has been entirely freed from the disease by the systematic institution 
and maintenance of measures based upon the proved theory of its con- 

* London Medical Gazette, August 31, 1839, p 843 

^The New Orleans Medical and Surgical Journal, May, 1900 

^Medical Repository, New York, 1820, vol xx, 261 

VOL, 2 — 47 
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veyance by the mosquito In 1903 a rather extensne epidemie prevailed in 
Mexico and the disease invaded the United States, with the lesult that over 
1,000 cases appeared in the state of Texas After the usual quarantine 
measures had been tried it was found necessary to adopt the means that 
had proved so successful m Havana, and m this way a widespread epidemic 
was, m all probability, averted 

We have to record another severe epidemic m New Oilcans m 1905, with 
the unusual occurrence of the enforcement of quarantine regulations by 
the city of Havana against a port of the United States on account of yellow 
fever Indeed there may be good ground for the assertion that in this 
instance Havana received the infection fiom New Oilcans, which was 
much more exposed through constant intercourse with Central Amencan 
ports and became the seat of a seiious invasion which extended to other 
localities, even beyond the limits of the state of Louisiana This epidemic 
produced over 8,000 recognized cases and caused more than 900 deaths 
It brought about an awakening in the minds of the officials and of the 
intelligent public to the serious natuie of the problem of the piotection of 
the city, and through it of the state and the country, from yellow fever, 
and to the necessity for more stringent regulations governing the early isola- 
tion and prompt recognition of cases of this disease It was realized that 
disastei must still continue to follow upon the former lax measures and 
practice of concealment of cases, and the officials and local physicians now 
appreciate the tremendous responsibility that rests upon them 

The presence of the disease was not declared until it had seemed a firm 
foothold, and it then required the united efforts of the officials of the United 
States Marine-Hospital Service and the local physicians to bring the con- 
dition under control A campaign of education of the people was under- 
taken by the officials, clergymen, physicians and ladies of the city, upon the 
basis of the mosquito doctnne of the transmission of yellow fevei, m older 
to explain to them the methods that were adopted in the attempts to exter- 
minate the mosquito and to protect patients and otheis against it As the 
result of these combined efforts the disease was completely eradicated 
before the occurrence of frosts This was something that had never been 
accomplished before, and it had become traditional in that latitude that 
suppression of an epidemic of yellow fever m a large city could never be 
looked for until the appearance of heavy frosts In the season referied to. 
New Oilcans contained a larger non-immune population than ever befoie, 
and the disease had been permitted to become firmly established by the 
month of July, nevertheless the situation was bi ought under complete 
contiol at a time when, according to all precedents, it should have been 
absolutely unmanageable 

In the same year a small outbreak occurred at Belize, Bntish Honduias, 
and a timely inspection by Professor Rupert Boyce, of the Liveipool School 
of Tropical Medicine, brought out the interesting fact that the disease 
probably existed there as early as January but was not declared until May 
The prompt infection of 8 men m two of the hotels of Belize, where 
they arrived on the 11th of May, shows the exnstence there, at that time, of 
infected mosquitoes These men were non-immunes from a steamship 
stranded on the coast, and thej’’ were taken ill at intervals of a day or two 
until the 29th Dr Boyce recognized the important fact that m Belize, as 
V ell as at New Orleans and other places, the fiist cases escaped recognition 



YELLOW FEVER 


739 


and the disease was permitted to become firmly established before its 
presence was declared ^ 

It is quite possible that during the same year the disease was also imported 
into Havana from New Orleans Havana became and still remains infected, 
though the authorities keep the situation well m hand, and with their usual 
vigilance there is no reason to fear an epidemic 

It IS to be hoped that before long success will attend measures inaugurated 
in Mexico, Brazil, British Honduias, Panama, and nearby harboring places 
of the disease, and that the continent will become fiee of the fatal pest that 
has been its greatest terror foi centuries This may best be effected thi ough 
international agreement and cooperation on the part of the countiies diiectly 
concerned, and for such measures the situation is now ripe Space will not 
permit a consideration of the numerous epidemics that have occuried m the 
United States Nearly eveiy one of her seapoits has been invaded and her 
losses have been enormous Many of the inland ton ns along navigable 
water courses and railroads have also received the infection and been 
decimated by it In Europe, at vanous times, this disease has visited 
Spam, Portugal, Italy, France, England, and Geimany In Spam alone 
the deaths recorded foi eight epidemics between the years 1800 and 1821, 
inclusive, were no less than 130,000 Barcelona lost 20,000 persons fiom 
this disease in 1821 

According to the available records about 100,000 deaths from yellow 
fever have occurred m the United States since 1793 The cities to suffer 
the most have been New Oileans (40,000) and Philadelphia (10,000) As 
late as 1878 the mortality from yellow fever in the city of Memphis, Tenn , 
was more than 5,000 in a single epidemic About 25,000 deaths are recorded 
for Rio de Janeiro, and nearly 36,000 for the city of Havana from the same 
cause 

Etiology — ^Few diseases, with the exception of plague and cholera, have 
inspired the same horror and fear as yellow fever 'Wherever it has raged 
commercial interests have been paralyzed, and cities, toivns, and distncts, 
have been depopulated The early medical history of Philadelphia is one 
of a succession of epidemics, and here, as well as m other cities and countnes 
affected, the best minds of the profession have devoted their attention to the 
subject of the etiology of the disease, in the hope of secunng knowledge 
that would enable them to suppress or control its ravages and treat it with 
success 

From the time of Benjamin Rush the transmission of yellow fever through 
the atmosphere has been taught and believed by leaders in the profession, 
but such declarations were met with seeming proofs of its transmission by 
indirect contact, and by some it was held to be even diiectly contagious 
Rush held that the infectious agent ongmated de novo from matter of a 
vegetable nature undergoing decay m the presence of water, but he finally 
abandoned this belief after yeais of controversy English and Spanish 
physicians who had passed through large epidemics were about equally 
divided m opinion upon the subject, and this confusion continued for cen- 
tunes No matter to which side of the argument an authority might lean, 
facts and evidence were always forthcoming to show that his theory did not 
explain all the conditions to be encountered For instance, persons who 

^Report to the Government of British Honduras upon the Outbreak of Yellow Fever 
hn that Colony in 1905, by Rupert Boyce, London, 1906, 
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secluded themselves during an epidemic frequently became infected, while 
on the other hand, many who were m constant attendance upon the sick 
in hospital escaped infection, and again, a single visit to the sick, and only 
one Ansit, was shown m many instances to be sufficient to insure an attack 
The fact that certain bmldmgs oi locahties, and vessels m particular, retained 
the infection during the warm season, or in tropical regions, and the con- 
stancy with which the infection appeared to cling to the vicinity of water, 
led to the behef, and with leason, that it resulted from fermentation, the 
most favorable conditions for wluch reqmre the presence of heat and 
moisture It was repeatedly observed that extensive epidemics were accom- 
panied by conditions of high atmospheiic temperature preceded oi followed 
by heavy rams The beginning of many epidemics could be traced to the 
piesence of vessels recently arnved from the tropics, and as the holds of 
wooden vessels were nearly always in an offensive condition, the fermenta- 
tion theory received strong support Aftei the discovery of bacteria as the 
cause of fermentation and putrefaction, as well as of disease, there seemed to 
be no longer any room for doubt It was very difficult to explain why 
persons suffering with the disease often failed to communicate it to others 
after having been removed only short distances For example, certain 
hospitals in the suburbs of infected cities which received a large number 
of cases of yellow fever, often failed to show a single secondary case, not- 
Avithstandmg the fact that free intercourse with the patients was permitted 
and no precautions were taken 

Further it was shown, as in the case of the Leyden,^ that persons who 
contracted yellow fever on shore might be treated at a sufficient distance 
from the shore, on board vessels, without dangei of communicating the 
disease to other persons on the same vessel On the other hand, it was 
also well known that vessels frequently became infected while lying at poits 
where the disease prevailed, and these facts were hard to reconcile 

Inexphcable mystery continued to surround the origin and dissemination 
of yellow fever until quite recently, and this mystery, with the dread inspired 
by the black vomit, often led to the abandonment of business, home, and 
fi lends, regal dless of family ties or financial interests 

Special importance now attaches to the observation recorded by Dr Drys- 
dale^ m Baltimore, m 1794 In wnting to Benjamin Rush of Philadel- 
phia, in that year, he said “Locusts were not more numerous m the reign 
of Pharaoh than mosquitoes through the last few months, yet these insects 
were very rare only a few years past, when a far greater portion of Baltimore 
was a marsh ” Dr Rush himself wrote later that m 1797 and 1805, during 
the occurrence of epidemics of yellow fever in Philadelphia, “flies and 
mosquitoes were infinitely multiplied”, and that “mosquitoes abounded, 
as usual, m sickly seasons The statements also of Dr John Vaughan,^ 
of Wilmington, Delaware, that m 1802, the year of an epidemic, from July 
until frost the lower parts of the town were infested with myriads of mos- 
quitoes, that within the memory of the oldest resident these insects had not 
been troublesome before, and that in August the season was tropical and ram 

^LaRoche on Yellow Fever, Philadelphia, 1855, vol ii, p 509 

"Ninth letter of Dr Drysdale to Dr Benjamin Rush, The Philadelphia Medical 
Mw^enm, 1805, vol i, p 26 

^ Medical Inquiries and Observations, Benjamin Rush, M D , Philadelphia, 1805, 
\ol h, p 77 

^Medical Repository, New York, 1803, vol vi, p 301 
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abundant, show that the older physicians were close and accurate observeis 
Other and similar obseivations weie made from time to time, until Nott,^ of 
Mobile, Ala , m 1848, in a most remaikable paper, directly incriminated the 
mosqmto, or some similar insect, as filling the reqiurements for a possible 
conveyer of yellow fever, and Dowell,^ of Galveston, in 1876, also called 
attention to the fact that the mosquito is governed by the same natural laws 
as yellow fevei Finally, m 1881, Charles Finlay, of Havana, published 
the first paper m wluch the mosquito, solely, is accused of transmitting the 
disease But before discussing this phase of the subject farther, it will be 
proper to mention first the work that has been done m the attempts to 
establish a bacterial ongm for this disease 
The first announcement of the discovery of a bacterium as the cause of 
yellow fever was made by Domingos Fieire, of Rio de Janeiro, who, m 
1883, descnbed his Ci ypiococctis zantlwgenicus and claimed that it was 
the specific cause of the isease He proceeded to vaccinate hmuan beings 
with it and continued to do so for some yeais, concluding m the meantime 
that his inoculations conferred a marked degree of protection Cultuies 
of the same organism, when inoculated subcutaneously early m an attack, 
were believed to manifest a cuiative value 
Carmonary Valle of Mexico, Charles Finlay of Havana, and Gibier of 
Pans, followed after Freire, and each thought that he had discovered the 
specific bacterial cause of the disease, but subsequent investigations by 
Sternberg showed that they had been mistaken Sternberg himself, after 
several years of painstalung voik, leported a negative result, and but little 
more was done in this direction until Guiseppe Sanarelh announced in 
1897, that he had found and cultivated the causative agent, and that by 
means of inoculations with it and with its filtered products, i espectively, 
he had produced the characteristic lesions of the disease in lower animals 
and the clinical phenomena in men He named the organism that he had 
found Bacillus icteroides, and reported that he had isolated it upon ordinary 
culture media from about 50 per cent of the cases examined Sternberg 
in his work had obtained a bacillus from about the same proportion of his 
cases by the use of the ordinary culture media, and he had found that it 
also proved to be quite pathogenic for the lower animals Because of his 
inabihty to establish its identity by the methods then available, he named 
it Bacillus X, and caused it to be preserved Upon the publication of 
Sanarelh’s descnption of the results of his expeiiments. Dr (then Surgeon- 
General) Sternberg directed Major Walter Reed and the wnter to under- 
take expenmental work with Bacillus X, and later with Bacillus ictei aides, 
for the purpose of companson and identification, if possible After working 
with these bacilli for several years it was concluded^ that Bacillus X belonged 
to the colon group and Bacillus icteroides to the hog-cholera group, that 
the effects of inoculation of the smaller laboratory animals with Bacillus 
icteroides were the same as with Bacillus cholerce mis, that the same lesions 
and clinical symptoms were produced in dogs by intravenous inoculation 
mth either organism, that Bacillus icteroides when fed to young hogs pro- 


*Vew Orleans Medical and Surgical Journal, 1848, vol iv, pp 580 and 581 
"Yellow Fever and Malarial Diseases, Greensville Dowell, M D, Philadelphia, 
1876, p 13 

Carroll, Journal of Expenmental Medicine, vol v. No 3, December, 
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duced a necrotic enteritis differing m no respect from that induced by feeding 
to them pure cultures of Bacillus cholerw suis, that by means of animal 
inoculations with these organisms sera could be obtained which gave a 
reciprocal agglutinative reaction , and, finally, the dried blood obtained from 
yellow fever patients exerted practically no agglutinative effect upon Bacillus 
icteroides Sanarelh had prepared -mth his Bacillus ictei aides a supposed 
cuiative serum for yellow fever, this was found to agglutinate both Bacillus' 
cJiolem suis and Cushing’s Bacillus O, the latter a member of the para- 
typhoid or ententidis group, m high dilution 

The finding of Bacillus icteroides was confirmed by Archmard and 
Woodson m New Orleans, by Agramonte in Cuba, and by Bandi and 
others working m Brazil Wasdm and Geddmgs, m an elaborate report, 
declared that infection m yellow fever took place through the respiratory 
tract, that Bacillus icteroides as the causative agent was present in the 
blood m nearly every case, and that cultures made from the blood early 
in an attack would establish the diagnosis They inoculated monkeys, 
rabbits, guinea-pigs, rats, and mice, with pure cultures of Bacillus icteroides, 
and concluded that the infection which resulted was yellow fever 

Although persistent efforts are still made by one or two wnters to sustain 
the claim of Sanaielh for Bacillus ictei aides, the best European and Amer- 
ican authorities now uphold the finding of the American Army Commission, 
that it was a secondary invader only 

In 1903 a Commission of the United States Public Health and Manne- 
Hospital Service described an organism which they designated Myxococ- 
cidium, steqomyiae, and suggested that it might be the etiological agent of the 
disease It was shown within a few months, by experiments, that this was 
a blastomycete, and that it could be introduced into mosquitoes by feeding 
to them pure cultures of a wild yeast obtained from bananas ^ The French 
Commission also regarded similar bodies found by them as yeast cells 

In the year 1900, dunng the Amencan occupation of Cuba, a commission 
composed of Dis Walter Reed, James Carroll, Aristides Agiamonte, and 
Jesse W Lazear, of the United States Army, was formed on the Island of 
Cuba to investigate the subject of yellow fever In a report published 
m the month of October of the same year they stated that they had been 
unable to find jB oci/his icteroides present in 29 cases (from IS of which cul- 
tures v ere made during life and fiom 11 at autopsy), that Bacillus icteroides 
was not the cause of yellow fever, and that the mosquito served as the inter- 
mediary host for the parasite of the disease After abandoning the search 
for Bacillus icteroides they had decided to put the mosquito theory to the 
test, and for this purpose they secured a number of volunteer subjects, 
among them two members of the commission, another contract surgeon 
named Pinto, and later, for other expenments, some soldiers and Spanish 
immigrants Finlay had already claimed to have produeed yellow fever 
with mosquitoes kept from two to six days after biting a patient, and the 
mosquito suggested by him was the one used in making the tests ^ Experi- 

^ Carroll “The Etiology of Yellow Fever An AMendaxa,” J ourrial of the Amerv- 
can Medical Association, November 28 1903, and Report of the Working Party 
No 2, of the U S Public Health and Marine-Hospital Service, Bulletin No 14 of 
the Yellow Fever Institute, Washington, 1905 

^ Dr Charles Finlay,* of Havana, was the first to propound clearly a mosquito 
theory of the transmission of yellow fever, though an insect theory, which was made 
to include the mosquito especially, as well as certain other insects, was advanced 
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ments were begun by Dr Lazear m the month of August, 1900, w ith mos- 
quitoes kept from two to thirteen days after contamination, applying them 
to 9 individuals, without success, but m the 2 last cases, using the same 
mosquito kept twelve and sixteen days, respectively, tlie attempts were 
successful ^ In September, Jesse W Lazear, a member of the commission, 
knovingly permitted himself to be bitten again by a stray insect in a 
vellow fever hospital while he ivas applying other mosquitoes to patients 
He was bitten on September 13th, sickened on the 18th, and died on the 
25th, after he had succeeded m shoMung in two other persons that the mos- 
quito could convey the infection He obtained immediate confirmation of 
his first case by applying the same mosquito at once to a second individual, 
on the day that the writer was taken ill This second case also proved 
positive within five days after inoculation 

In order to further confirm and perfect the results obtained by Lazear, 
an isolation camp was established two months later, and named m his 
honor Camp Lazear In tins camp there were placed two physicians, 
one an immune, the other a non-immune, with a numjier of soldiers and 
some Spanish immigrants, all of whom had expressed their willingness to 
submit to the experiments, and after a sufficient period of strict quarantine 
the following confirmatory tests were made First — Fifteen mosquitoes 
that had previously bitten patients with yellow fever were liberated in a 
mosquito-proof building especially constructed, and which had been divided 
by a wire-screen partition, extending from floor to ceiling, into two com- 
partments, each of which was furnished with a bed that had been previously 
disinfected The mosquitoes w'ere liberated into one compartment and 
this was entered soon after by a non-immune, who, lying down upon ..the 
bed and exposing his chest and limbs, was bitten by several of the insects 
He returned again for a short time on the same day, when he was again 
bitten by some of the insects, and on the following morning several more 
attacked him when he entered the third time for only a few minutes This 
man became ill with a typical attack of yellow fever on the fifth day aftei 
he first exposed himself to the mosquitoes On the evening of the day that 
tins subject first entered the mosquito compartment, two other non-immunes 
weie admitted to the opposite section, Avhere they slept for eighteen consecu- 
tive nights, separated from the mosquitoes only by the wire screen partition 
Their health was not disturbed in the slightest degree by this exposure 
Second — Another mosquito-proof house Avas constructed and supphed Avith 

and ably supported by Nott, of Mobile, Alabama, m 1847 In 1876, Dovell, of 
Galveston, Texas, again called attention to the fact that the gnat and mosquito 
Aiere governed by the same natural laAvs as yellow fever A number of obserA^ers 
had previously noted the unusual prevalence of mosquitoes during epidemics 
Finlay attempted to prove his theory, but could not have succeeded, as he claimed 
to have done, because his mosquitoes Avere kept only two to five days (in one case 
SIX days), after biting a patient t The cases that occurred among his subjects A\ere 
clearly the result of the great prevalence of the disease in Havana at the time, 
and his tests were made Avithout the special precautions necessary to guard against 
accidental infection 

i de Cienctas ilfedtcas de Za ffabana Habana, xxvn 1890-91 p 501 

t Carroll The Transmission of Yellow Fever” Journal of the American Medical Associa- 
tion May 23, 1903 

“'The Etiology of YeUow Fever — A Preliminary Note,” by Reed, Carroll, Agra- 
monte, and La-Dear Proceedings of the American Public Health Association at 
the 2Sth Annual Meeting, Indianapolis, Ind , in October, 1900 
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several boxes of soiled articles of bedding and clothing direct from the 
yellow fever hospital in the city These articles had been intentionally 
soiled with unne, fiecal matter and black vomit obtained from fatal and 
other cases of yellow fever Tins house was entered for twenty-one con- 
secutive nights by tw o soldiers and a contract surgeon, non-immunes, who, 
after impacking the boxes, handled and shook the soiled articles, hung them 
upon nails in the wmlls, and then retired for the night In the morning 
upon rising they removed the garments from the walls, handled them 
again, then folded them and replaced them m the boxes This performance 
was continued daily, the individuals remained m strict quarantine and were 
confined to the camp, but were permitted to spend the daytime m a tent 
set apart for the purpose, every night dunng the expenment being passed 
within the house and in the manner mentioned At the end of three weeks 
this party w^as relieved and another party consisting of two non-immunes 
occupied the house m the same way, aftei the addition of a fresh supply of 
contaminated articles received from the hospital They, likewise, m the 
same way, repeated the unpacking, handling and repacking the soiled 
articles for tw enty-one nights and none were infected Newly soiled articles 
of bedding and clothing had been added from time to time, and after the 
receipt of another supply upon their release, two additional non-immunes 
slept in the house for tw^enty-one nights longer These men passed their 
nights within the identical garments and between the same sheets that had 
been used by patients dying of yellow fever One of them slept wnth his 
head upon a towel soiled w'lth blood draw n from a patient m the first day 
of the disease, and w Inch was shown by inoculation to be capable of infecting 
Notwithstanding these exposures these men also came out of the expenment 
building in perfect health, and they had increased m wmight The ma]onty 
of the men thus exposed were afterward inoculated by means of mosquitoes 
or by blood injections, and their susceptibihty w as proved by their becoming 
infected This was deemed sufficient to show that susceptible persons 
might live and sleep m intimate contact with fomites from yellow fever 
patients and suffer no harm as long as they were not bitten by contaminated 
mosquitoes Dunng the whole of this time the building w^as kept darkened, 
it was heated dunng the day to about 90° F , and the atmosphere was kept 
moist like that of the hold of a vessel in the tropics It w'as thoroughly 
protected by copper-wire screens and double screen-doors against the 
entrance of mosquitoes Third — ^In addition to these expenmen ts men 
were singled out in certain tents wnthin the camp, and to these contaminated 
mosqmtoes, that had been kept sufficiently long, were applied, with the 
result that many of them contracted the disease In every case the attack 
followed within the usual period of incubation, and no other persons in the 
camp became infected than those who were purposely inoculated Every 
precaution w as taken, a strict quarantine w'as maintained, and the residents 
of the camp w ere required to sleep alw'ays beneath mosquito netting It was 
show n by these experiments that mosquitoes were capable of communicating 
the infection as long as fifty-seven days after they had bitten a patient 
suffering with yellow’’ fev^er Fourth — ^It w’as further demonstrated that the 
subcutaneous injection into a jion-immune of 2 0 cc , 1 5 cc , 1 0 cc , or 0 5 
cc , of blood draw n directly from the vein of a yellow fever patient in the 
first or second day of the disease would promptly cause an attack of yellow 
fev er 
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In the beginning twelve attempts at inoculation with mosquitoes ivhich 
had been kept from four to eighteen days aftei biting the patient all resulted 
m failure, but the insects used for these tests had been kept at room tem- 
perature during the months of November and December In January 
there was another failure resulting fiom the application of twelve mos- 
quitoes kept for twmnty-two days at a temperature of 82° F after they had 
bitten a very mild case m the eighth hour of his attack Yet ten persons in 
all wmre infected by the application of mosqmtoes duiing the ivinter, and the 
other experiments made iverc deemed to show conclusively that fomites can- 
not transmit the disease, that yellow fever can be communicated by means 
of blood injections , that an infected house is simply one that contains “npe” 
infected mosqmtoes, and that the mosquito is harmless until twelve days 
or longer aftei it has bitten a patient, but that it retains the powmr to infect 
as long as it lives 

The first to confirm the efficiency of the mosquito as the transmitting 
agent of yellow' fever w'as John Guiteras, of Havana, wdio, m the spring 
of 1901, succeeded m infecting a non-immune Spaniard by applying to him 
a contaminated mosquito obtained from the writer In August of the 
same year Gmteras again succeeded m producing 7 additional cases, 3 of 
w’hich were fatal, and immediately after this it w'as demonstrated inde- 
pendently by a member of the Army Board (Carroll) that the diluted 
blood serum fiom a patient suffering with yellow' fever is capable of con- 
veying the disease W'hen injected subcutaneously in quantities of 1 5 cc 
after having been passed through a new, stenhzed Berkefeld filter ^ It was 
further shown at the same time that the blood of a patient could be deprived 
of its pow'er to infect upon subcutaneous inoculation by previously subjectmg 
it to a temperature of 55° C for ten minutes ^ In this work six additional 
experimental cases w'ere produced, and all recovered, malcing a total of 
tw'enty-two cases intentionally inoculated with yellow fever by the Army 
Board, without a death 

The first and second series of experiments above described formed the 
basis for the measures that proved finally successful in the hands of 
Gorgas in ndding Havana of yellow' fever Similar measures w'ere under- 
taken in Rio de Janeiro, in 1903, but ow'ing to the peculiarly unfavorable 
political and local conditions, and the lack of pow'er to enforce them, they 
have not yet accomplished the desired result 

The doctnne of the transmission of yellow fever by thexnosquito has now 
become firmly established through the confirmations of the work of the 
Amencan Army Commission, by Guiteras of Havana, Ribas and Lutz 
of Brazil, the French Commission from the Pasteur Institute, w'orking also 
m Brazil, Working Parties No 1 and No 2 of the United States Public 
Health and Marine-Hospital Service, at Vera Cruz, and, we may add, the 
expenences of Laredo, Texas, in 1903, of Mexico in 1903-05, and of New 
Orleans m 1905 Marchoux, Sahmbeni and Simond, the members of 
the French Commission, concluded that yellow fever is contracted in no 
other way than through the bite of the mosquito Stegomyia fasciaia, that 

^Reed and Carroll “The Etiology of Yellow Fever A Supplemental Note,” 
American Medicine, vol ni. No 8, p 301-305 

2 Tins experiment was subsequently repeated at Rio de Janeiro by the French 
Cominission, "who succeGded in reducing the time of exposure at the same tempera- 
ture to five minutes 



746 


INFECTIOUS DISEASES 


to become capable of infecting, tlie mosquito must bite a patient dunng tlie 
first three days of the disease, and that the mosqmto is haimless until the 
lapse of at least twehe days after biting a patient, that no other mosquito 
than Stegomyia fasciaia aids in the transmission of yellow fever, that simple 
contact V ith the patient. Ins personal effects, garments, or excreta, will not 
communicate the disease, that yellow fever can become epidemic only m 
places where the mosquito exists, and that prophylaxis against yellov fe\er 
rests entirely upon the means taken to prevent mosquitoes from biting the 
sick and the v ell They make the seemingly important statement that the 
penod of incubation of yellow fever may be prolonged to thiiteen days, but 
since m all cases m which a period of incubation longer than six (plus) days 
has been obtained the subjects of these prolonged periods of incubation had 
been previously injected with blood or serum from persons who were suffer- 
ing or had suffered with yellow fever, v e question the practical importance 
of such prolonged periods of incubation, resulting evidently from experi- 
mental interferences, and we believe that for practical purposes they may, 
with safety, be ignored 

The work of the French Commission in Brazil stimulated the sanitary 
authonties of Rio de Janeiro to adopt means for the suppression of the 
disease similar to those that had proved successful in Havana The diffi- 
culties they encountered were almost insuperable from the unfavorable 
local sanitary conditions, the political opposition, and the ridicule to which 
they were subjected by the local press Nevertheless they acted upon their 
convictions, supported by the authonties after a campaign of education 
among the people, and, although the disease is not yet conquered, much has 
been attained, and the outlook for the future is very bnght Indeed the 
measures taken in Rio m 1903 were far ahead of those instituted in our ovm 
country at Laredo and New Orleans until the situation was taken in hand 
bj the central government The most stnking results have been obtained 
in Mexico, in Texas, and in New Orleans, where yellow fever has been 
stamped out before the appearance of frosts by measuies directed solely 
against the mosquito 

In Mexico yellow fever has been eradicated from its endemic focus at 
Vera Ciuz through the able efforts of Edouaido Liceaga, the Piesident of 
the Superior Board of Health, whose complete grasp of the problem and 
v hose enlightened and eneigetic action has added support to the mosquito 
doctnne, and would have controlled the disease absolutely if the same 
means of enforcement were available in Mexico as m Cuba in 1901 Fi- 
nally, in New Orleans during 1905 with an epidemic beginning earhei 
in the season than usual, vith a larger non-immune population than ever 
before, and vith the disease well established early in August, great success 
V as attained in ultimately controlling and stamping out the epidemic before 
its disappearance could be attnbuted to the occurrence of frosts These 
successes have encouraged the persons in authonty and converted the 
majority of the local phjsicians, so that m New Orleans, where formerly 
the mosquito theory was treated lightly, physicians, and particulaily those 
in the outhnng distncts, are thoroughly conwnced from practical observation, 
and are prepared to institute decisive and effectual measures upon the 
appearance of the fiist signs of another outbreak Could the permanent 
endemic foci m Rio de Janeiro and in some of the smaller Central Amencan 
republics be once destroyed b^ intelligent and systematic efforts, the United 
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States and Mexico would then be freed from the danger of repeated in- 
vasions of yellow fever, and concerted action on the part of all the countries 
concerned would make it an easy matter to insure the complete suppression 
of the disease and immunity for the future 

Notwithstanding all the efforts that have been put forth in that direction, 
the specific organism of yellow fever still awaits recognition ^ The argu- 
ments opposed to the idea that the invisible causative agent of yellow fever 
IS a bacterium are (1) it has never been recognized nor cultivated, (2) 
according to the French Commission the blood of a patient loses its power 
to infect within two days if exposed to the air, and within five days if air be 
excluded, (3) the absolutely non-contagious and even non -infectious char- 
acter of the isease undei conditions otherwise favorable but in the absence 
of the mosquito The arguments in favor of its being a member of the 
animal kingdom are (1) its obligatory parasitic existence in man and the 
mosquito, alternately, (2) the necessity for the lapse of a definite period, 
two weeks or more after the ingestion of the blood, before the mosqmto 
becomes capable of infecting, (3) the restriction of the hosts to a single 
vertebrate and a single genus of invertebrates which points to a definite 
cycle of development, (4) the rapidity of development of the parasite within 
its invertebrate host is governed by conditions of external temperature in 
the same way as the rate of development of the malanal parasite in the ano- 
pheles mosquito 

Before dismissing this part of the subject let us remember that great credit 
IS due to ex-Surgeon-General George M Sternberg, whose work in the study 
of the bacteriology of yellow fever has never been surpassed The labois of 
the American Aimy Board were undertaken at Ins instigation and by Ins 
direction and they weie the direct outcome of his continued and absorbing 
interest in the subject 

Susceptibility — ^All races are not equally susceptible, the wlute races, 
and especially those with fair skins and who inhabit northern climes, appear 
to suffer most The negro is susceptible but not in the same degree as mem- 
bers of the white races The relative immunity of the negro is not due to 
any protection he enjoys against the bites of mosqmtoes, for a hungry 
mosquito of the genus Stegomyia will attack a black negro in the axilla as 
readily as she will sting a white person * One attack of the disease gen- 
erally confers peimanent immunity and second attacks are rare It is quite 
possible that a person after recovering from a very mild attack would again 
become susceptible after a lapse of time The incidence of the disease is 
greatest in young adult life, and the mortality rate is higher among those who 
aie already debilitated from any cause There seems good reason to believe 
that the immunity enjoyed by the inhabitants of countnes where the 
disease has become endemic probably results from mild infections during 
infancy and childhood This role has been attributed to the borras fever 
of children in Cuba 

^Recently H Wolferstan Thomas, British Medical Journal, January 19, 1907, has 
reported that a chimpanzee had been infected with yellow fever in Brazil by per- 
mitting it to be bitten by twenty-nine mosquitoes, twenty-one days after they had 
been fed once upon a patient with typical yellow fever in the second and third days 
of the disease The period of incubation was three days and the course of the 
attack quite typical of that of a mild case of yellow fever, including the presence of 
albumin, bile pigment and blood m the urine 

* Actual experiment 
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Special Pathology — ^Yellow fever is a general infection vith se\ere 
intoxication The most marked effect of the toxin is seen in the In er, the 
probable reason bemg that the toxin possesses a marked affinity for the 
hepatic cells From the chnical manifestations we would infer also that 
there is some affinity between the toxm and the cells of the cential nervous 
system and perhaps those of the muscular system in general, as well as the 
vascular endothelium The ghastly lesions in the digestive tiact aie 
chiefly mechanical m ongin and secondary to those m the liver, it is difficult 
to say to what extent the lesions found in the kidney after death are due to 
the toxm of the disease and how much to secondary intoxication resulting 
from damage to the hver 

Rigor mortis appears early and is very marked When death takes place 
on the eighth or ninth day, the skin of the trunk is usually of a canaiy- 
yellow color This is less intense on the extremities, but the eyeballs are 
deeply tinted and the face is distinctly )'ellow, mingled ivith the natuial 
coloring of the skin The intensity of the color varies usually with the 
stage and severity of the attack The dependent parts of the body are deeply 
discolored and livid, and the same is true of the tips of the fingers and toes, 
scrotum, penis, etc Lmd patches may be present on the upper surfaces 
of the body and the face These appear soon after death, and the face may 
even be bloated and livid before death The fat and connective tissues are 
tinged with bile Hemorrhages beneath any or all of the serous membranes 
are frequent No constant lesions are found in the brain and spinal coid 
The vessels of the pia mater and brain substance are usually engorged, and 
hemorrhages frequently take place into the brain substance and beneath 
the membranes A yellow or reddish serum may be found m the lateral 
ventncles 

The lungs are the seat of marked hypostatic congestion, with hemorrhage, 
and hemorrhages are often visible beneath the pleural membrane The 
heart is distended, its muscular tissue is of a deep leddish-brown color and 
sometimes softened in consistency, but this is not constant 

Digestive Tract — The stomach may be found distended with black, 
fluid blood, even in cases in v hich black vomit did not appear during life 
Before the stomach and intestines are opened, daik slate-colored areas may 
indicate the presence of this material -mthin After removing and washing 
the stomach, its mucous membrane may be found to be pale and eroded, 
or blood stained At the pyloric end there is congestion of its mucosa, as a 
rule, and there may also be found large areas of diffused submucous hemor- 
rhage The mucous and submucous layers are more or less thickened 
according to the degree of congestion and the amount of hemoirhage that 
has taken place, and the larger veins are distended with dark blood 

The mucous membiane of the duodenum is always deeply congested, 
swollen, and the seat of hemorrhages The condition of the jejunum and 
ileum depends upon the duration and seventy of the attack The upper 
part of the jejunum is usually involved inth the duodenum, and the conges- 
tion may continue for some distance into the ileum On the othei hand, 
the ileum may appear practicallj free from any pathological lesion after the 
contained blood has been removed The passive damming up of blood in 
the mesentery and intestine, which results from compiession of the capil- 
laries by tlie sv ollen hver cells, is manifested earliest and vnth the greatest 
intensiti in the pylorus and duodenum, because here the communicating 
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vessels are short, there is little or no anastomosis, and the pressure eannot 
relieve itself by becoming distributed over a large area Foi this reason 
the passive congestion is always more marked in this region (duodenum) 
than lower down, and it may be regarded as mvanably accompanying the 
disease, even m its mildest form This is probably the true explanation of 
the piesence of exquisite tenderness upon deep pressure in the epigastnum, 
a valuable sign m the diagnosis 

The liver is tense, firm, and smooth, showmg that its cells are swollen 
The coloi of the organ is variable It may be uniform or mottled m appear- 
ance, but it IS always yellowish or brownish m color and usually shows areas 
of congestion or hemorrhages beneath the capsule Upon section the organ 
IS firm, pale, and friable The cut surface also may be either uniform or 
mottled The most distinctive features are found upon examination with 
the microscope, though similar conditions are present occasionally in other 
fatal infections There is a remarkable alteration m the normal arrange- 
ment of the liver cells, which no longer present the uniform regularity that 
belongs to the normal tissue, except in certain linear areas bordering on the 
portal spaces In general they show marked variations m size and their 
normal outlines are distorted The majority are densely packed with 
medium-sized fat droplets, and the protoplasm of some is coarsely granular 
and stands out conspicuously in sections counterstained with eosm The 
majority of the nuclei are swollen, pale or obscured, and it is notable that 
although m certain areas small hemorrhages may be found, the lobular 
capillaries m general aie compressed by the swollen hepatic cells The 
degree of fatty degeneration is somewhat variable, but it is always present in 
remarkable degree, m certain instances practically all the lobules are affected 
throughout, while in others whole lobules or small areas may escape 
destruction These differences can be explained perhaps on the theory that 
some patients are overwhelmed and succumb early, while in others the 
destruction of liver cells proceeds more deliberately and is more complete 
when death takes place The jaundice, which results from the pressure of 
the swollen liver cells upon the smaller biliary vessels, is, of course, hepato- 
genous and not hsematogenous in origin Hyalin bodies that stain brightly 
with eosm have been described by Councilman as lying within the liver cells 
and between them 

It IS proper to consider here the effect of the damage inflicted by the toxin 
upon the hepatic cells from the point of view of its effect upon the elaboration 
of urea and the ultimate result upon thesecretion of urine In the excessively 
degenerated condition of the liver in the advanced stages of severe attacks 
but little urea can be formed, and the carbonate, carbamate and lactate of 
ammonium (end products of cell metabolism), being no longer converted by 
the liver into urea, are retamed m the cireulation and act as additional 
poisons There are thus produced two serious complications, anuria and 
ammonsemia It is a matter of common observation that urea is deficient 
in the urine m yellow fever, and this occurs because the liver no longer 
provides the normal quantity of urea, and not because the kidneys fail to 
secrete it The delirium and coma (with or without convulsions) seen m 
fatal cases of yellow fever are due to ammonsemia and not to ur^mia,^ 

’See author’s “Note on the Treatment of Yellow Fever,” in the Journal of the 
American Medical Association, July 19, 1902 
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and by the early ehmination of toxin we lessen the degree of fatty degenera- 
tion of the liver and dimmish the tendency to anuria, to severe intestinal 
hemorrhages, and to the ammonsemic mtoxication which is necessaiily 
superadded m the fatal cases ^ 

Kidneys — ^The condition of the kidneys is more variable than that of the 
liver because involvement of these organs is not so general or so mtense 
In the fresh condition the kidney is ot normal size or slightly swollen, pale, 
and fatty, or congested In sections examined under the microscope there 
IS usually found a condition of acute diffuse nephritis, the lesion is sometimes 
of a distinctly degenerative type, at others it consists of not much more 
than a well-marked cloudy sv ellmg There may be found hyaline droplets 
■nithin the tubules and capsules of Bowman, and these or the swollen 
capillary endothel um may have undergone calcareous infiltration The 
glomerul may be swollen and engorged or atrophied, the capsular epithe- 
lium may have suffered but little change, or it may have become swollen or 
degenerated, or have entirely disappeared One is frequently impressed 
Mith the fact that the lesions are relatively less severe m the kidneys than 
in the liver 

Spleen — ^The spleen may or may not be enlarged and soft, but it is 
alvajs congested The swelling, when present, is probably due to the 
presence of bacteria as secondary invaders, from the mtestme or other 
mucous surfaces 

The microscopic evidences of enteritis (emigration of polymorphonuclear 
leukocytes, etc ) found m some cases are due, no doubt, to an invasion by 
bacteria from the lumen of the mtestme 

The old idea that the blood undergoes degenerative changes in yellow 
fever is without foundation In the later stages many of the leukocytes may 
contain minute fat droplets or vacuoles, and there may be some anaemia, 
but in the early stage there is no marked anaemia, no cell destruction, and 
the leukocytes are practically normal m number and appearance In a 
small proportion of the cases a moderate degree of polymorphonuclear 
leukocjtosis can be demonstrated 

Symptoms — ^The earliest symptoms may be a premonitory feelmg of 
malaise, with pain m the back and loins, or a slight frontal headache There 
IS usually a furred tongue, with constipation In the ma 3 ority no marked 
premonitory symptoms are noted 

At the onset there may be a sudden chill or rigor occurring at night or 
during the day The patient may have lost his appetite and have gone to 
bed to rest and sleep m the middle of the day, to wake up later with high 
feier With the onset of fever there is a sharp headache, generally frontal, 
but occasionally occipital m location , the face is flushed, the eyes injected, 
raehialgia is often present, and the temperature may range anywhere from 
102° to 106° F or even higher In mild cases the skm is moist, m severe 
ones dry and hot, constipation is usually present, the tongue is clean or 
lightly coated and its tip and edges red, photophobia may be pronounced 
or absent, the pams may be agonizingly severe or v^ery mild m character, 

^Aitkm states that “ the presence of ammonia m black vomit is universal, and 
may be considered as one of its tests”, and that “carbonate of ammonia is frequently 
found m the breath, in the normal black vomit, almost always in the stool, and that 
it apparently pervades all the tissues of the body ” The Science and Practice of 
Medicine, London, ISSO, vol i, p 651, 
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nausea may be absent, but usually it is present and followed by vomiting of 
a clear colorless or yellowish or greenish fluid The symptoms are all more 
or less pronounced, dependmg upon the character of the attack There 
may be great epigastric distress and the amount of urine passed may be 
small, but no albumin is found At this stage the case resembles one of 
acute malaria, typhoid fever, or any severe infection A blood examination 
will exclude malaria, the locality and other circumstances will determine 
the probability of yellow fever, if the eyeballs display a yellowish tinge, as 
they raiely do at the onset, there is strong giomid foi suspicion On the 
second day the temperature may remam elevated or a fall may be observed, 
the headache and body pains may have abated or they may continue, the 
photophobia is more marked, the flushmg of the face and ocular m]ection 
are pronounced, a slight yellowish tinge of the eyeballs can be distinguished 
The stomach may be quiet, or the nausea and vomiting may be distressing 
but somewhat abated There may be suppression or retention of urine, 
requirmg the use of the catheter The skin of the chest is of a dusky hue, 
and upon pressure it is seen that the capillary circulation is sluggish On 
the third day the temperature may remain about the same or fall several 
degrees and then rise to neai its oiiginal height, or it may fall gradually and 
declme durmg several days by lysis A sudden drop in temperature to sub- 
normal, with the appearance of black vomit and suppression of urine at 
this time, almost certainly means a fatal issue More frequently, after a 
brief decline on the second day, the temperature rises gradually to 103° 
or 104° F and remains there with a morning fall of one or two degrees for 
one, two, or three days, and then declines gradually to normal Vomiting 
may return and the material ejected may contain fly-wing specks or coffee- 
ground granules, or it may consist of the brownish or brownish-black fluid 
known as black vomit The jaundice is now (fifth or sixth day) quite 
intense, great weakness and prostration are manifested, there may be cramp- 
ing pains in the abdomen, with the passage of a large amount of tarry mate- 
rial, these may be accompanied or followed by persistent hiccough, delirium, 
convulsions, coma, and death The remission or intermission m temper- 
ature may occur after twenty-four, forty-eight, or seventy-two hours In 
mild cases the occurrence of a distinct remission or intermission may be 
questioned 

Paget’s Sign — ^Following the remission or intermission, a singular and 
progressive diminution occurs in the pulse rate, so that with the secondary 
exacerbation of fever there is the anomaly of an ascending temperature with 
a slowing pulse, and this continues regardless of the temperatuie With the 
appeaiance of jaundice, at this time, the pulse rate diminishes to 70, 60 or 
even 50 per minute In well-marked cases this is a valuable and faiily 
constant diagnostic sign, but in the milder cases the lack of correlation 
between pulse and temperature is much less apparent 

We find the same variability m the severity of different attacks of yellow 
fever as in measles, scarlet fever, or any other disease Nothing could be 
more accurate than the follovnng statement of Nott ^ “In the same 

family and house, one will be so lightly attacked as scarcely to he down, 
while another is dying with all the horroi-s of black vomit, and, what is 
particularly worthy of note, the light cases pass off spontaneously in tvo 


^ New Orleans Medical and Surgical Journal, 18iS, vol iv, p 586 
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or three days vntlioiit a dose of quinine, and afford \protection against the 
disease in after years ” 

EpistaMs may be present early, but a more reliable sign is the condition 
of the gums At the beginning of the fever they may be swollen and spongy, 
a day or tv o later a red line is seen at the margins and upon gentle pressure 
blood can be made to exude In severe cases the oozing maj' be constant 
and sufficient to stain the lips and tongue As the disease progresses the 
tongue becomes, at first lightly, then heavily, coated, and later it may 
become fissured and bleeding so that the saliva, lips, and tongue, are all 
blood-stained The coating on the tongue may become daik and even black 
in color Hemorrhages from the mucous membrane of the mouth, nose 
intestine, and genito-unnary tract (especially m females) are frequent after 
the fifth or sixth day They are due to blood stasis in the capillanes and 
degeneration of their endothelium, both of wluch are direct or indirect 
results of the action of the toxin 

Skin — ^The skin of the face and chest may bear a blotchy or clean petechial 
eruption in mild as well as in seveie cases, and the appearance may resemble 
that of a mild eruptive fei er Small macules, papules, pustules, or blebs, 
may appear after the disease has developed If these become hemor- 
rhagic the outlook is senous 

Unne — In a case of moderate seventy the microscopic examination will 
show the presence of tangled masses of hyaline threads at the outset, when 
the kidneys are only congested After a day or two hyaline and finely 
granular casts appear, and on the fifth or sixth days there are coarsely gran- 
ular and epithelial casts, which show a more or less deep staining with bile 
pigment Red blood cells may be present at about this time and may be 
scarce or abundant according to the tendency to hemorrhage The intensely 
dark color of the unne, about the sixth or seventh day, is due to the presence 
of bile and not of blood, though it is not rare to find blood present Poly- 
morphonuclear leukocytes aie always found m small number after the use 
of the catheter, and have no special significance unless they are numerous, 
in vliich case they indicate some complication, such as gonorrhoea, cystitis, 
nephritis, etc 

A trace of albumin vnll be found on the second or third day, and the 
amount maj'^ increase rapidly until the specimen coagulates upon being 
heated The albumin usually disappears from the unne with deferves- 
cence, but either albumin or casts may persist for one or several months after 
the termination of severe attacks 

No chain of symptoms can be given that will cover all cases Stress 
should be laid upon the point that some attacks are so mild as to appear 
almost trnial while others are rapidly fatal Perhaps the best classification 
vould be the folloving — 

Mild Severe 

Very mild Moderately severe 

IMild Severe 

Very severe (including the fatal cases) 

Diagnosis — ^The penod of incubation being from two to six days, usually 
from three to file, vill aid in determining the probability of exposure in 
persons vho present suspicious sjTnptoms m places removed from the 
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habitat of the disease The early suffusion of the face and eyeballs, vertigo, 
frontal headache, pain in the lumbar legion and loins, pains in the extrem- 
ities (chiefly the lower ones, but not involving the 3 oints), nausea and vomit- 
ing, with ocular jaundice on the second day, should excite strong suspicion, 
and with the accompanying exquisite tenderness elicited by deep and gentle 
pressure in the epigastnum the diagnosis would be reasonably certain The 
chill 01 ngor may be absent, the headache may be occipital, vomiting may 
not occur, and the temperature may not rise above 102° F in a mild case 
Malana and most inflammatory conditions can be excluded by examination 
of the blood In relapsing fever spirochaete will be present in the blood 
dunng the febrile exacerbation, in typhoid fever the bacilh may be obtained 
in blood cultures, and in these infections albumin is not nearly as likely to 
be present in the unne on the second day as in yellow fever Mild cases may 
be extremely difficult of diagnosis, but the knowledge of exposure and the 
symptom-complex, as a whole, with ocular jaundice on the second day, 
together with marked epigastnc tenderness, would justify a provisional 
diagnosis of yellow fever in the absence of special contra-indications 
Faget’s sign, albuminuna, bloody oozing from the gums on pressure, and 
fly-wing material in the vomitus, would render the diagnosis complete In 
the severer cases the diagnosis becomes clear by the third day at the latest 
A sudden fall m the temperature to subnormal in the first few days, sup- 
pression of unne, hiccough, black vomit, and free intestinal hemorrhages, 
are all indicative of grave attacks For diagnosis the extreme tenderness 
on deep gentle pressure m the epigastrium is a point of great value, and the 
examination must be made with the utmost care, for unnecessary pressure 
may cause intense suffenng The capillary hemorrhage from the gums, 
pulse phenomenon, and early jaundice, make the diagnosis comparatively 
easy in well-marked cases in a region where the disease is knovm to prevail 
If there be a possibihty of error it should be throivn on the side of safety, 
for it IS better to take extreme precautions with a case that subsequently 
proves not to be yellow fever than to find when it is too late that if certain 
precautionary measures had been adopted with cases apparently not yellow 
fever, an epidemic would have been averted 

Guiteras^ has recently called attention to some valuable aids m the 
diagnosis of doubtful cases He believes that Ehrlich’s diazo reaction is 
practically never present m uncomplicated cases of yellow fever, although 
it may be present in severe cases of dengue He has been able successfully 
to exclude yellow fever by obtaining the Ehrlich diazo reaction in the urine 
He lays special stress upon the value of the estimation of haemoglobin, the 
percentage of which in yellow fever is rarely below 90 m the first three, 
four or five days He states that if the percentage is found to be below 80 
in the first few days in a case of yellow fever some complication will always 
be found or the patient will have previously suffered from malana 
A point of great importance in the differential diagnosis between dengue 
and yellow fever has been brought out recently by Van der Berg,^ who states 
that in dengue there is a leucopenia, the leukocytes being reduced on the 
average about one-half Stitt,® working m the Philippines, confirms the 
statement m regard to dengue, m which he finds a polymorphonuclear as 

^Medical Age, Detroit, vol xxiv. No 6, March 25, 1906 

^Mense’s Handbuch der tropenLrankhetten, Leipzig, 1905, vol ii, p 98 

^Philippine Journal of Science, vol i, No 5, June, 1906 
VOL 2 — 48 
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well as a general leukopenia, with a marked relative increase of the mono- 
nuclear leukocytes Tins is m marked contrast to the condition of the 
blood in the early stage of yellow fever, in which the total leukocyte count is 
practically normal and there is no diminution in the proportion of poly- 
morphonuclear leukocytes, on the contrary they are frequently increased 

Prognosis — ^In every case of yellow fevei, no matter how mild, the pro- 
gnosis must be guarded Even in those which are apparently trivial, grave 
symptoms may develop after errors in diet, permitting the patient to leave 
his bed, or failure to maintain the eliminative functions A quiet stomach, 
low temperature, soft velvety skin, the ability to sleep, and a free flow of 
unne, are all favorable High temperature without remission, intense and 
persistent headache, nausea, and nervous irritability, indicate a more serious 
condition, a tempeiature above 105° F , dehnum, singultus, black vomit, 
partial suppression of urine, convulsions, dark petechial spots, and hemoi- 
rhages into the skin oi intestine, are of grave significance Complete anuna, 
free intestinal hemorrhages, profuse black vomiting, with hiccough and 
coma, are signs of fatal import 

Mortality — Under favorable modern conditions the mortality rate from 
yellow fever should not exceed 10 or 15 per cent , it should never exceed 
20 or 25 per cent under any circumstances, and a higher death rate Avould 
warrant the suspicion that the milder cases wei e escaping recognition Now 
that the diagnosis of “bilious remittent fever” can be excluded, the fact is 
becoming more apparent that a fairly large proportion of cases of yellow 
fever are mild in character and recover without black vomit In some of 
the fatal cases this symptom is absent, but the blood is always present 
whether it is ejected or not 

Sequelae — ^But few sequelie follow yellow fever Recovery takes place 
quickly, as a rule, and the patient rapidly regains weight and strength In 
a small number recovery is followed by a penod of weakness and debility 
winch may persist for one or two months Suppurative inflammation of 
the parotid and other glands, abscesses, and furuncles, are the only sequels 
that deserve mention, and these yield slowly to the ordinary measures as 
the patient’s strength and vitality improve 

Treatment — Hygienic and Prophylactic — ^The most important duty 
of the physician dunng an epidemic, or in the possibility of an epidemic of 
yellow fever, is to institute preventive measures tending to guard against 
extension through the agency of the mosquito, and it is necessary to see that 
proper precautions are taken by non-immunes to insure them against the 
chances of being bitten by mosquitoes that are possibly infected Stegomyia 
fasciata is a twilight mosquito that feeds, as a rule, early in the morning 
and in the afternoon until ten o’clock at night It usually rests in the middle 
of the day, when free to follow its own inclinations, and non-immunes may 
Msit well lighted places in infected localities between 9 am and 3 pm 
inth almost absolute impunity But at 3 p M the danger begins, and 
after this hour one should go to high localities without the infected city, or 
retire vithm a building thoroughly protected by wire screens against the 
entrance of mosquitoes This v ill afford the maximum degree of protection, 
and m order to lessen the danger by reducing the number of mosquitoes 
present every precaution should be taken against the accumulation of 
standing vater in surface pools, gutters, tubs, barrels, ram-vater spouts, 
pitchers, ^ases, or other receptacles, either indoors or for some distance 
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without a dwelling The use of petroleum and wire-screen covers, when 
required, with an occasional fumigation by means of pyrethrum, Avill add 
to the comfort and security of non-immune persons m an infected district 
In regard to the sick, all persons in an infected locality suffering from fevei 
of unknoivn ongin, particularly if it begins v itli a chill and headache, should 
be isolated at once and placed behind mosquito-proof wire screens and mos- 
quito netting The net should be tucked in beneath the mattress, and it 
should be remembered that the mosquito on the outside can easily bite the 
face or an extremity Ijnng against the net These precautions should be 
continued until the temperature remains normal As soon as a patient 
suffering with yellow fever is removed from a room, it should be tightly 
sealed by pasting paper over all cracks and openings and then fumigated 
ivith pyrethrum, using at least one-fourth pound to each one thousand cubic 
feet After five or six hours the stupefied insects should be swept up from 
the floor and burned Tobacco and sulphur are more efficient but more 
disagreeable than pyrethrum 

It IS hardly necessary to state that although there is a general infection 
with involvement of the blood m yellow fever, disinfection of the person, 
effects and surroundings of a patient is useless, for w^e know that the disease 
IS absolutely non-contagious This, and the lapse of a definite period of 
time that is necessary before the mosquito can become capable of trans- 
mitting the disease, are convincing arguments against its bacterial ongin, 
for if the specific agent w ere a bacterium it would certainly be transmitted 
from man to man, and w'ould gain entrance to the body through mucous 
membranes There is evidence to show', also, that physicians who cut 
themselves in dissecting the bodies of persons dead of yellow fever do not 
become infected ^ 

A quarantine penod of at least five days is necessaiy, and measures 
should be taken to protect ships against the entrance of mosquitoes when 
lying at infected ports One-fourth of a mile is a safe distance from shore, 
and the proximity of other vessels should alw ays be avoided 

Unnecessary stress seems to have been laid upon the danger of yellow 
fever being conveyed to the Onent by vessels passing through the Panama 
canal after its completion The modern iron or steel vessel does not furnish 
the favorable conditions for breeding mosquitoes that formerly existed upon 
the old w'ooden sailing vessels, upon which fresh water was stored in wooden 
casks, and the rules of cleanliness much less ngidly enforced than to-day 
With the know'ledge now' m our possession of the domestic habits of S 
fasciata, and the power to easily prevent the access of the mosquito to vessels 
by compelling them to anchor at a sufficient distance from the shore or from 
other vessels, with the vigilance exercised by the officers of the United States 
Public Health and Manne-Hospital Service stationed at ports m the epidemic 
zone, w'lth the custom of carrying a physician on the larger steamers, with 
the slight chances of an infected mosquito flying on board a vessel while 
in transit through the canal owing to the fact that yellow fever w'lll not be 
permitted to flounsh along the line of the canal, w'lth the know'ledge now 
generally disseminated that an outbreak of yellow' fever on shipboard can be 
effectually stamped out by the use of mosquito netting and by fumigation, 
W'hich w'ould enable an ordinary steamer captain to protect his vessel and 

'Thomas O’Halloran, M D Remarks on Yellow Fever, London, 1823, p 204 
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crew should they become mfected, the possibilities of such an accident as 
the mfection of a port in Asia or Australasia seem very remote 

As a matter of personal prophylaxis non-immimes should never spend the 
night m an infected locahtyj though, as already stated, such places may be 
visited for the transaction of business with practically absolute impunity 
between the hours of 9 4. M and 3 pm Should exposure after dark in 
such localities be imavoidable, then mosquito headnets, heavy gauntlets, 
and leggings should be worn, and upon retinng the person should see that 
mosquitoes are expelled from the room or destroyed by fumigation with 
pyrethrum, tobacco, or sulphur The sleeping-room selected must be as 
high as possible above the ground, he must see himself that the bed and its 
\ncmity are free from mosquitoes and perfectly protected by intact netting of 
1 0 or 1 5 mm mesh It is unsafe to rely upon the local use of the essen- 
tial oils, more or less diluted, spint of camphor, etc , upon the skin Exper- 
iments have shovTi that hungry mosquitoes will disregard such applications 
In the matter of general prophylaxis it is necessary to bear in mind that 
three factors are indispensible for the production of an outbieak,* viz 
(a) preexisting cases of the disease, (b) mosqmtoes of the genus stegomym, 
and (c) the presence of non-immunes These are brought into play in the 
order stated, and in the absence of any one an epidemic is impossible The 
most rational and effective mode of procedure, therefoie, is to prevent the 
interaction of a wnth h, if this be effected, c may be disregarded Failing 
to prevent the contact of a with b, then if b and c be permitted to come 
together after the proper interval, mfection results, and can be brought 
about m no other w'ay, wnthout expenmental inoculation It is of the utmost 
importance, therefore, to insure complete safety dunng the epidemic season, 
in the mfected zone, and all cases of fever, the cause of which is not at once 
apparent, should be removed without delay to a screened hospital in a loca- 
tion free from mosqmtoes, or, as a less desirable alternative, the patient 
should be placed immediately either beneath mosquito netting or in a port- 
able mosquito-proof cage, and belund properly screened doors and windows 
The general destruction of mosqmtoes dunng an outbreak should be made 
subsidiary to the first and primary end to be attained, namely, protection 
of the patient from mosqmtoes from the very beginning of the attack, 
because, if contact of the patient wuth mosquitoes be prevented, the occur- 
rence of secondary cases becomes impossible 

It IS now^ an established fact that an interval of about twm or three w^eeks 
must elapse after the importation of a first case before the appearance of 
secondary cases, and whenever the course of an outbreak is being traced 
m other than an epidemic locality, it can be safely taken for granted that 
whenever a group of cases is found to occur together the piimary case from 
which the group ongmated must have existed two or more w'eeks earlier 
If instead of a group only a single secondary case is produced, the difficulty 
will be very great, because it may be assumed that this wms the pnmary 
case The bnefer penod stated, twm W'eeks, represents the shortest knowm 
developmental or incubative penod (twelve days) in the mosquito, plus a 
short penod of incubation in the human being 

The past history of New Orleans, Baltimore, and Philadelphia, show's 
that the plan proposed in Rio de Janeiro of housing the dock laborers in a 

^Carroll American Medicine, vol ix. No 22, June, 1905, pp 907-915 
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separate mosqmto-proof building and keeping them under medical super- 
vision dunng the warm season is a most desirable one, as long as they remain 
in direct communication with infected ports 

Medical — ^The medical treatment of the patient suffering with this disease 
IS also m a sense prophylactic, because by putting him to bed early and 
instituting proper treatment we can lessen the severity of the attack, and in 
some cases avert a fatal issue That this can be done is clearly shovm and 
must be accepted on the testimony of men of such great experience as 
Izett Anderson^ and Just Touatre ^ 

It is of vital importance that the patient be put to bed and kept per- 
fectly qmet upon the manifestation of the earhest symptoms The bowels 
should be moved by a mild cathartic Usually sulphate of soda® is the 
best, in doses of 4 0 grams (1 dram) every hour, until the desired result be 
obtained, or six doses have been given If the bowel fail to respond 
witlun an hour after the sixth dose, an enema of plain soap and water should 
be given The saline may be preceded by a small dose of calomel with 
bicarbonate of soda, 0 23 gram (3 grains) of each, or several minute 
doses of calomel at short intervals, if the stomach be irritable Following 
the catharsis a hot mustard foot bath should be administered, and the 
patient should then be covered with blankets to induce free perspiration 
This lessens the congestion of the kidneys and relieves headache and nausea 
Hot lemonade may be given to aid diaphoresis If the iriitabihty of the 
stomach be not relieved a sinapism should be applied locally, and iced caibon- 
ated Vichy water in small quantities, or small doses of sodium bicarbon- 
ate, 0 2 gram (3 gr ), in a little ice-cold mineral water, administered As 
soon as the patient has been made comfortable he should be permitted to 
sleep, the room being always kept darkened and free ventilation allowed, 
at the same time protecting him from drafts The danger from drafts has 
probably been exaggerated in the past All food must be withheld during 
the first three or four days, and the patient should be encouraged to dnnk 
carbonated Vichy water freely and often, and always ice-cold If this is 
not at hand any of the alkaline mineral waters may be substituted, after 
adding about 2 0 grams (30 gr ) of sodium bicarbonate to the pint The 
effervescing mixture of Anderson should serve an excellent purpose if min- 
eral water cannot be obtained He adds 30 grains of potassium bicarbonate 
to a dessertspoonful of freshly expressed and strained lime juice and gives 
it every two hours w|iile effervescing He is particular to state that it 
must be neither alkaline nor acid but neutral Both Touatre and Anderson 
state that since their adoption of the Vichy water and effervescing mixture, 
respectively, they have ceased to see the profuse black vomit and hemor- 
rhages they had formerly observed, and they both speak after more than 
thirty years expenence with the disease For the cephalalgia ice-cold appli- 
cations are best, the pain passes off after a few hours — twenty-four at most 
The coal-tar preparations and morphia should be avoided as a rule 

In the mildest cases the temperature may remain at about 100° or 101° F 
for several daj’^s, reaching 102° once and then gradually declining to normal 
In a severe case the temperature may ascend to 105° F or higher at the out- 

^ Yellow Fever %n the West Indies, London, 1898 

^Clinical Notes on Yellow Fever, New Orleans, 1898 

® Sodium sulphate is less disagreeable than the magnesium salt, it is milder and 
equally certain m its action, and in small doses is a diuretic 
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set and again in the secondary exacerbation Such cases require cold 
sponging every hour or oftener, or the wet pack or cold bath may be used to 
reduce the temperature and afford comfort The formei should always be 
tried first, and m the beginning, if the skin be dry and pungent, sweet spirit 
of nitre, in doses of 2 0 to 4 0 cc Q to 1 dram) m a little iced water every half 
or every hour until the skin becomes moist, may be given The patient 
should be encouraged to drink alkaline waters freely, and if there be per- 
sistent nausea or irritability of the stomach, alkaline fluids should be given 
cold, by high rectal in]ection, permitting them to flow m veiy slowly to insuie 
that they vill be retained 

Food being -withheld for the first three or four days, the patient should be 
supplied freely with the fluids already mentioned for the double purpose of 
alla}Ting thirst and maintaining the renal secretion Sodium bicaibonate 
when well diluted is bland, soothing to the stomach, and a mild diuietic It 
IS now thoroughly established that this salt exerts a markedly beneficial effect 
in yellow fever, whether it is because it lemedies a deficiency of alkali or 
neutralizes an acid poison remains to be shown After the third or fourth 
day, if the temperature continues below 101° F and the patient ci aves food, he 
may be given a tablespoonful each of milk and lime watei, cold toast water, 
or barley water, m small quantities and at rather long intervals at first, until 
the effect has been noted Pure fiozen cream, and gelatine m the form of 
mne or lemon jelly, are beneficial, and may be given m small quantities if 
they are enjoyed After three days of normal temperatuie, if the patient's 
condition be good, he may be given milk, chicken broth, blanc mange, ice 
cream, or custard, and fresh juicy frmts, followed m a day or two by soft- 
boiled eggs, toast, chicken, etc 

Yellow fever is characterized by such marked depression with impair- 
ment of the circulation that stimulation is directly indicated No other form 
of stimulant seems to equal a good dry champagne It tends to allay nausea 
and vomiting, is mildly diuretic, and agreeably stimulating It should be 
given m small doses of about 15 cc (a tablespoonful) ivith ice, every two, 
three, or four hours, as indicated by the condition of the patient and ^ts 
effect It should be given on the second and thud days of the fever only 
when the patient expresses a desire for it, and when the effect upon him is 
beneficial Should the patient tire of champagne, Rhine wine or dry Ca- 
taivba may be tned The stronger alcoholic stimulants are not so desirable, 
but they may be used cautiously with persons who are accustomed to and 
prefer them They should be well diluted 

The chief value of the alcohol is to aid the heart m keeping up the circula- 
tion and maintain the nutntion of the capillary endothelium If at the outset 
we preserve the integrity of the vascular endothelium, keep the blood moving 
inthm the capillaries, and secure elimination of the maximum amount of 
toxin, then, if the heart, liver, and kidneys were prenously sound, we prevent 
the occurrence of excessive hemorrhages, and the patient’s recovery is 
practically assured We are encouraged m this belief by the knowledge that 
the disease is self-limited and relapses are rare 

It IS necessary to obsen^e and record the amount of unne Retention and 
suppression are frequent, the latter occurring late and the former early 
El en" specimen passed should be measured and tested for the presence of 
albumin at least, because the early appearance of albumin and its escape m 
the unne m large quantity may be regarded in a general way as an indication 
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of a severe attack However large the quantity of albumin the physician 
may always feel encouraged if the patient pass from 500 to 1,000 cc m 
twenty-four houis In cases of moderate seventy a trace of albumin is 
found by the end of the second or thud day In the mildest cases albumin 
may not be piesent at any time, or it may be found at one examination 
and absent at others A distinct trace may be discovered by the end of the 
first day if the attack is a severe one 

Free elimination of the toxin eaily in the attack lessens the tendency to 
hemorrhage and modifies the subsequent couise Hence the gieat impoit- 
ance of instituting eliminative treatment at the earliest moment, and as all 
toxins are lemoved chiefly by the kidneys, it is essential to secure early and 
free secretion by these organs In this probably hes the seciet of the success 
of the alkaline treatment, which may also have some effect in neutralizing 
the poison if it be of an acid nature The intestinal congestion and hemor- 
rhages are of mechanical origin, they result fiom obstiucti on to the portal 
circulation through pressure upon the capillaries by the hepatic cells,uhich 
are swollen and fatty from the action of the toxin upon their piotoplasm 
Should the patient have a preexisting lesion of the heart, liver, or Icidneys, 
his chances of recovery aie lessened, but the case is by no means hopeless, 
if treated early If black vomit or intestinal hemorrhages supervene, the 
prognosis becomes very grave, but tieatment should be continued to the 
last By virtue of its stimulant, hiemostatie, and diuietic properties, oil of 
turpentine m 0 6 cc (10 minim) doses deserves a tnal, with applications of 
ice to the epigastnum, and alkaline waters and stimulants by the mouth or 
rectum Thirty out of 36 cases brought to a hospital with black vomit are 
said to have been cuied by inunctions with heated olive oil, and to-day many 
intelligent Spaniards in Cuba assert that they ean cure yellow fever with olive 
oil and lime jmee It is well within the bounds of probability that olive oil 
applied by inunction may be of great value by reason of its nutritive proper- 
ties Like gelatine it possesses the power to seive the purpose of cell 
nutrition, and as it is a proteid sparer, it may keep the liver cells fiom attack- 
ing their own proteids during the period of then excessive functional activity 
It could well be administered early in the feier either by the mouth or 
rectum, m the form of an emulsion with an equal quantity of lime water 
Gelatine also is luemostatic as well as nutntive and serves the same purpose 

For impending anuna it would be ]ustifiable and advisable to give 1 0 
gram (15 grains) of urea in the form of a hypodermic or rectal injection 
It IS non-poisonous in small doses and is directly indicated because it is the 
normal stimulant to the flow of unne, and it is of necessity v anting The 
hot air bath should be as serviceable in ammonsemia as in ursemia 

For heart failure hypodermic injections of strychnine should be given 

The general treatment should be of the simplest and along the lines indi^ 
cated Careful and skillful nursing is indispensable The patient should 
not be permitted to sit up or leave his bed imtil after several days of normal 
temperature The value of the alkaline method is fully demonstrated by 
the results obtained by Touatre with Vichy water, and others with the Stern- 
berg method, using mercuric chlonde and sodium bicarbonate These results 
are clearly to be attributed to the latter ingredient and not to the former 
Among 374 cases treated by 10 physicians in the United States, Cuba, and 
Brazil, the mortality was only 7 3 per cent The sodium salt is harmless and 
it is the normal alkaline base of the blood plasma 
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B-i W J CALVERT, A B , M D 

Synonyms — Pestis, pestilentia, febns, pestilentialis, pestis bubonica, 
clades ingumana, glandulana, Beulenpest, Oriental plague, pali-plague, 
black death, plague, pestilenza, plaga, peste bubonica, tschuma, malignant 
polyadenitis 

Definition — ^Plague is an acute mfectious disease, running a rapid severe 
course, and often termmatmg fatally It is generally characterized by extreme 
wealcness, high fever, buboes, and severe general symptoms and is frequently 
accompanied by subcutaneous hemorrhages and pustules 

History — In I Samuel, Chapters v and vi, a fatal disease among field 
mice IS recorded which also affected the Philistines This was probably 
plague Epidemic diseases occurring from this time to 200 B C are not 
described with sufficient accuracy to justify a diagnosis of bubonic plague 
During this period several epidemics occurred which are quite accurately 
described by Rufus of Ephesus (about 100 B C ) who also mentions epi- 
demics m Libya, Egypt and Syria in his own time The writings of Rufus 
are the first m 1 x 111011 specific symptoms of plague are accurately given 
Although it spread along the Mediterranean coast, no mention is made of 
the extent or duration of this, the first recorded pandemic From this period 
to the Justinian age plagues are mentioned, but the accounts are too in- 
definite to differentiate bubonic plague from plague as the general term for 
any highly mfectious disease In 542 A D (Justinian age) plague started in 
loM er Eg'^qit and Pelusium and spread along the shores of the Mediterranean 
to Asia Minor and Europe This is usually called “The Justinian Plague”, 
it lasted from fifty to sixty years, during which time the disease appeared 
again and agam m the same locality Wars, droughts, and famines, accom- 
panied this pandemic, as m the time of Rufus From this period to the 
fourteenth century the literature is agam too mdefinite to differentiate 
plague, although m all probability it played an impoitant role m the several 
recorded epidemics 

It Mill be noted that the tixo previous pandemics began m Egypt and 
spread along tbe Mediterranean coast to Asia Minor and Europe But in 
1346 plague made its nay from Mestem Asia to Asia Minor, thence to Egypt 
and Europe It must be supposed that during the previous epidemics the 
disease spread from Asia Minor to western Asm, perhaps farther into China, 
vliere epidemic centres "were established which later gave rise to the plague 
During this pandemic, plague spread over the then known xvorld m the most 
virulent form, often depopulating entire villages At this time it was first 
called the “black death,” from the diffuse subcutaneous hemorrhages wdiich 
in later epidemics have not been so frequent The death-rate wms high, 
Hecker estimating a total mortality of 25,000,000 Dunng this pandemic, 
nev infected centres were established from which epidemics sprang Of 
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these Egypt m Africa, Turkey in Europe, and Syria in Asia, were the most 
important, whence throughout the following centuries numerous epidemics 
arose, many of which extended to neighboring countries The last epidemic 
in Constantinople occurred in 1841, in Arabia in 1853, 1874, and 1879, in 
Tripoli in 1874, in Persia in 1863 to 1878, in Mesopotamia in 1866 and 
1876, and in Astrakhan in 1878 

From 1879 to 1894 the world was practically free from plague, but m the 
latter year it was discovered m Hong Kong Later it was found that 
this epidemic arose m or near Lientschau and Pakhoi, spread to Canton, 
thence to Hong Kong from which place it was carried to India, Japan, the 
Philippmes, to numerous ports along the route to Europe, to South Africa, 
South America, Portugal, England, San Francisco, Mexico, and many 
other localities In each pandemic plague travelled along the routes of 
commerce All nations are susceptible, the lower classes suffering most 
severely It is frequently recorded that domestic and wild animals suffer 
markedly from the disease It has been noted that clothmg and articles of 
merchandise have served to transport the disease, and that migrations of 
rats, etc , often precede or accompany its outbreak 

Bacteriology — ^The Bacillus pestis bubomccB, discovered by Kitasato, 
in 1894, IS an encapsulated, non-motile, short, non-spore forming, aerobic 
organism, wth rounded ends, measunng from 1 to 18 by 0 4 to 0 7/i 
As seen m smears from the blood, lymphatic glands, and cultures, it occurs 
singly, m pairs end to end, and frequently in chams consistmg of four to six 
bacilli, less frequently, especially when grown m liquid media, m very 
long chams The capsule varies greatly, apparently mfluenced by culture 
media Ordinarily the capsule of bacilli obtamed from the blood or glands 
IS about twice as tliick as the organism, in artificial media it is usually not 
seen In shape and size the organism varies, dependmg to some extent 
on the culture media Those found in the blood aie frequently plumper 
than those from the lymphatic glands, occasionally resemblmg cocci On 
salt or mercuric chloride media various form? are seen, dumb bell, club- 
shaped, very wide long bars, etc The large rod forms are more common 
in old cultures The bacilli take all of the ordinary stams, decolorize m 
Gram’s stam, and very frequently take a bi-polar stain leaving the central 
portion clear, giving a streptococcus-like picture If the smear is first 
treated with absolute alcohol for one minute, dried, and quickly stained 
with dilute anahne stain, a uniform bi-polar stam is obtamed Or if the 
Gram’s stain is made and followed by dilute analme stam an equally good 
bi-polar stam is obtained 

Early in the course the bacilli are confined to the infected lymphatic 
glands or the tissues immediately surrounding them, but as the disease 
progresses the organisms enter the lymph channels and blood, and are 
later found in practically every fluid and organ of the body 

Cultural Charactenstics — ^The oigamsm grows well m all ordinary media 
Surface colonies twenty-four hours old are small, round, even-edged, almost 
transparent, with a slightly milky centre The colonies are granular, 
slightly yellowish in color, and darker m centre than about edges, which aie 
wavy or slightly indented At forty-eight hours the colony is larger, more 
opaque, and of a milky color On neutral plain agar-agar slants at the end 
of twenty-four hours a faint, translucent, slightly opalescent growth occurs 
with wavy smooth borders which are tlucker than the central portion of the 
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streak At the end of forty-eight hours, tlie streak is considerably larger 
than at enty-four hours, and slightly more opaque, ith scalloped edges 
No further important changes are noted m older cultures e\eept the deielop- 
ment of beads over the surface of old smears, due to a loeal gi om th of the 
organism When a portion of the culture is removed by a platinum wire a 
glutinous consistency is obsened, the growth usually pulling out into long 
threads On gelatine plates the superficial colonies are semi-tianslucent, 
wntli w'a^} edges Deep colonies are round, wdiitish, and of regular outline 
In stab cultures a ivhitish grow'th occurs along the stab, w itli hei e and there 
small colonies grow'ing into tliG media On the surface a slight grow'th may 
oceur about the puncture On blood serum a similar growdli is seen, but 
slightly moie opaque, with no change m media On glycenne agar the 
growth IS similar to grow th on above-named media, but not so abundant 
On acid potato the grow'th is sparse, slightly moist, and of a very faint yellow’^ 
color with no change m the potato In bouillon the most typical grow'th is 
seen, which occurs just under the surface and along the sides of the 
tube From the surface the grow'th projects dowmwaid m light, flocculent, 
stalactite-hke masses, which, on slightly shaking, settle to the bottom The 
bouillon remains clear No change is produced m litmus milk In litmus 
glucose agai-agar, a slight reddening appears wdiicli giadually extends 
through the entire media, no gas is formed In peptone solution no mdolis 
formed In hanging drop the oiganisms haie an active Browmian motion, 
but are not motile Plague bacillus is pathogenic for all domestic animals 
Virulence — ^The virulence of the plague bacillus varies A low" virulence 
gnes rise to pestis minor These organisms may suddenly become highly 
viiulent, and give nse to the severer types of plague The viiulence is 
gradually inci eased from low to a high degree by passing the oiganism 
through several animals When high virulence is obtained it is easily main- 
tained m cultures and by passage through animals Cultures on artificial 
media retain Mrulence for months, perhaps years Mixed infections do not 
necessarily reduce it Cold temperatures have practically no effect, higher 
temperatures, 41° to 42°, reduce nrulence 

Toiacity — When young bouillon cultures are filtered the filtrate is not 
highly toxic, showing that the toxins are m combination wnth the bacteria, 
but w'hen old cultures are filtered the filtrate is highly toxic, causing wide- 
spread hemorrhages, focal areas of necrosis, and fatty degeneration, enlaiged 
spleen, and death When the dose is not fatal a marasmus may follow", w itli 
marked loss of w eight and hair, amemia, and death after a number of w"eeks 
At autopsy m monkeys the organs seem dry, shrunken, and of a light bronze 
green color Sections show" loss of nuclear material, and fatty degeneration 
Pathology — ^The muscles are dark red in color, dry, and about a pri- 
mary bubo may be hemorrhagic The periosteum may be injected or hemoi- 
rhagic The bone marrow is normal The synovial membrane of joints 
near a primary bubo may be hj"peraemic, rarely hemorrhagic, and the joints 
may contain a little light straw"-colored fluid 

Skin — ^The skin is usually dry and hot Later m the disease profuse — 
often penodical — perspiration occurs, and occasionally terminal perspira- 
tion precedes death In the several epidemies the degree of hemorrhages 
in the skin vanes greatly Hemorrhages are of tw'o tj"pes, petechial and 
diffuse Petechial hemorrhages occur on the face and upper extremities, 
but most frequently on the upper part of trunk These hemorrhages affect 
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the skin only The diffuse hemorrhages occur in the subcutaneous tissues 
and skin, are very large (four or five inches in diameter), irregular m shape, 
and of a dark bluish-black (often mottled) coloi They occur most fre- 
quently on the trunk and upper extremities When confluent an entire 
extremity or one side of the trunk may constitute one hemorrhage In 
both types of hemorrhage bacilli are abundant About scratches or insect 
bites a narrow rim of hyperiemia or hemorrhage usually occurs Over large 
buboes the skin is often liypersemic (Edema of the skin is rare except over 
buboes, especially those associated with extensive oedema and in cases with 
marked nephntis 

Exanthemata resembling wheals frequently occur, often leminding one 
of mosquito bites Abscesses may be formed and gangiene sometimes fol- 
lows a suppurating bubo Herpes is rarely found and has not been noted 
m plague pneumonia Lymphangitis is rare, occurring both as primary 
and secondaiy to pustules and buboes, in which case the skin is thickened, 
cedematous, and hard, and on section shows bacilli, hemorihage, hypersemia, 
and infiltration with leukocytes and small cells 

Primary and Secondary Pustule — ^Lodgment of bacilli m the capillaries 
of the skin may cause an infiltration of the tissues with leukocytes, small 
round cells, red blood cells, oedema, and an extensive invasion of bacilli 
These cause an elevation of the epidermis from 2 to 5 or 6 mm , vaiying in 
extent from about J to 2 or 3 cm in diameter The edges are sharply raised 
without an areola The elevated part is hard, and on section shows oedema, 
leukocytes, small round cells, red blood cells, and marked congestion Within 
a few hours a small vesicle, which rapidly enlarges, forms m the centre of the 
elevated portion and, m a short time, the bleb covers the entire area At 
first the fluid in the bleb is colorless, but soon becomes turbid, then pus forms 
which often contams blood This fluid at first usually contains a pure culture 
of plague bacilli, leukocj'tes, small round cells, red blood cells, and detritus 
The bleb is easily ruptured When the fluid escapes, a red, swollen, hard 
base is seen, winch soon becomes covered by a grayish or yellowish-gray scab 
Often the scab is of a reddish or black color On section the infiltration 
extends about 5 mm into the subcutaneous tissue Sections made in the 
earlier stages show infiltration, oedema, and bacilli The cutis rapidly degen- 
erates until entirely destroyed All of the bloodvessels of the dermis are 
greatly dilated, the walls much thinned, and blood apparently coagulated 
In some cases multiple small hemorrhages are noted The vesicle enlarges by 
rupture of the stretched lower layer of cells along the circumference The 
oedema and bacilli from a pustule may extend fai beyond its edges into other- 
wise normal tissue, causing considerable swelling A red line of oedematous 
hard tissue may extend from the pustule to the nearest lymphatic gland, 
which IS enlarged The pustule may either precede other symptoms or 
appear duiing the course of the disease Multiple pustules sometimes 
occur, especially on the body Those on the body are usually larger than 
those on the extremities They are of no prognostic value 

Lymphatic System — ^The lymphatic glands seem to be the elective seat 
of development They may be classed as follows Glands showing the 
most pathological changes, usually the first effected, are called primary 
buboes, glands in the chain or glands with the primary bubo, mfected by 
the passage of bacilli through the lymphatic vessels, are called secondary 
buboes, and glands m distant portions of the body mfected through the 
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blood are called tertiary buboes The glands may be grouped as follows 
Right and left femoral, mcludmg the femoral, mgmnal, iliac, and lumbar 
glands, right and left axillary, mcludmg the epitrochlear, axillary, supra- 
and mfraclavicular glands, and the nght and left cervical, mcludmg the 
glands about the head, cenucal, supra- and mfraclavicular 

Primary Bubo — ^This is characterized by periglandular oedema, mfil- 
tration, and glandular swelling The cedema is pathognomonic for a 
primary bubo and dates from the begmnmg of the glandular swellmg At 
this time the areolar tissue between the muscles and tendons about the 
infected gland is slightly oedematous, of a lemon-yellow color, and soft As 
the disease progresses the oedema rapidly extends m all directions, but con- 
fines itself entirely to the loose connective tissues The skin covering the 
oedematous area is rarely, and the underlying muscles never, affected In 
w’^ell-developed cases this oedematous tissue looks very much like a soft 
gelatmous mass, semi-translucent, and of a deep straw or lemon color On 
section a thin, clear, straw-colored fluid escapes This fluid contains a few 
pus cells, red blood corpuscles, and varymg numbers of plague bacilli 
The cedema varies from a very slight amount of fluid between the muscles 
to an amount sufficient to mcrease the size of the affected region OEdema 
associated with a primary femoral bubo of one side may extend from the 
knee to the lower portion of the thorax anteriorly and posteriorly, in the 
retroperitoneal region as high as the diaphragm and occasionally beyond the 
median line The degree of oedema does not depend on the size of primary 
bubo Throughout this area the bloodvessels are distended, and punctate 
hemorrhages are often seen The lymphatic vessels are usually distended and 
appear as whitish semi-translucent cords These oedematous areas resist 
secondary infections longer than any other portion of the body Con- 
sequently pure cultures of plague bacilli may frequently be obtamed here 
when in all other portions of the body mixed cultures are found 

Periglandular Infiltration — ^This, consisting of small round cells and few 
leukocytes associated with varying amounts of hemorrhage, is the second 
characteristic of a primary bubo It begms m the first hours of glandular 
enlargement and rapidly progresses, often extendmg as much as an mch 
beyond the capsule of the gland The infiltrated area is hard, more or less 
sharply outlined, on section moist, and usually mtensely hemorrhagic 
The massing of a group of glands mto one hard body is caused by perigland- 
ular mfiltration 

Bubo Proper — ^The Ijunphatic gland begins to enlarge dunng the first 
few hours of the disease, progresses rapidly, and usually reaches its max- 
imum size by the fourth day The primary buboes are from 1 to 4 or 5 
cm m diameter and vary m shape Primary buboes during the first five 
or six days are hard, simulating on palpation a solid rubber ball During 
the fiist twenty-four to forty-eight hours they are isolated and freely 
movable, but later are firmly fixed by the periglandular mfiltration 
The capsule is usually greatly distended, often ruptured, and usually 
shows more or less hemorrhage, makmg it difficult to differentiate from 
penglandular mfiltration On section the glandular tissue bulges from 
pressure, the surface is moist and granular, and m absence of hemorrhage 
the color is grajush, frequently yellowish-gray All degrees of hemorrhage 
are noted Prequently the hemorrhages follow the lymph sinuses, produc- 
ing red columns radiating from the lulus to the penphery of the gland The 



PLAGUE 


765 


centre of the gland is soft but as a rule has not advanced to suppuration 
After the fifth or sixth day pus may be found The glandular substance 
IS friable Massive necrosis is caused by the rapid growth of bacilli and pro- 
duction of toxms The bacilli evidently lodge m the peripheral lymph 
smuses, where very large masses of bacteria quickly develop In sections 
the masses of bacilli take a blue haimatoxylm stam A few leukocytes, led 
blood cells, and fragments of tissue may be seen The lymphatic tissues 
show all stages of necrosis The degeneratmg cells show a loss of nuclear 
material, swelling, small fat globules and gianular material m the pro- 
toplasm of the cell which may or may not take a deep eosm stain The 
degeneration is massive The capsule is usually hemonhagic and its layers 
may be widely separated and broken The periglandular tissue is hemor- 
rhagic, contams varymg numbers of leukocytes, and shows a massive small- 
cell infiltration 

Secondary Buboes — ^These differ from the primary buboes in that they 
lack periglandular oedema, mfiltration, and the massive degeneration of 
the glandular substance, though the oedema ansmg from the primary bubo 
may surround them All the lymph vessels connecting the pnmary and 
secondary buboes are greatly distended, appearmg as smooth semi-tians- 
lucent cords The tissues immediately surrounding the secondary bubo 
are usually hemorrhagic The degree of periglandular hemorrhage varies 
from a thm layer unmediately next the capsule to a massive hemorrhage 
extending several inches mto the tissues on either side of the gland, often 
uniting with similar hemorrhages from neighbormg glands The entire 
retroperitoneal tissue from Poupart’s ligament to the diaphragm may 
present a massive hemorrhage along the chain of the iliac and lumbar glands 
The bubo is usually hard, freely movable, and, if not hemorrhagic, grayish 
m color, and may be 3 to 5 cm in diameter On section the gland bulges, 
IS usually dry, contains no pus in the centre, and usually presents long 
narrow hemorrhagic streaks converging at the hilus, with intermediary 
grayish or faintly yellowish-gray areas The degree of mterglandular 
hemorrhage vanes greatly in the several buboes and also with the duration 
of the disease Histologically, the secondary buboes are most interesting 
From the onset of infection m the primary bubo, toxms, bacilli, and 
red blood cells, pass from it through the lymph vessels mto the subcapsular 
lymph smuses of the secondary bubo and gradually flow through the 
sinuses to the hilus of the gland The red blood cells and bacilli lodge 
in varj^mg numbers in the sinuses, producing a red hemorrhagic-hke 
line through the gland, converging at its hilus The bacilli continue to 
grow, forming colonies which m time may overshadow the characteristics 
of a secondary bubo by reproducing the same conditions as found m a 
pnmary bubo This is rare save in closely located glands The toxms 
at first act as a stimulus on the endothelial cells Iming the lymph smuses 
In an early stage it is difficult to decide whether or not multiplication of these 
cells takes place No karyokmetic figures have been seen, but the cells 
seem to be increased m number A marked increase in size is noted 
The nucleus takes a deep luematoxylin stain and the protoplasm the ordmary 
eosm stain Some of the cells are giant m size and have assumed phagocy- 
tic function, shown by red blood cells, possibly by bacteria and fragments 
of tissue found m varying numbers m the protoplasm The stimulating stage 
soon changes to a degenerative one, the nuclear material is gradually lost 
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and takes little or no stain, eventually leaving the nuclei as clear spaces in the 
protoplasm The protoplasm has no constant staining quality, sometimes 
talving a deep eosin, again no eosin stain Thus fai changes have taken place 
only in and about the edges of the lymph sinus The centre of the follicle and 
cords are still unaffected Giadually the degeneiation extends into the lym- 
phatic structure of the follicle while the centre is yet noimal About this time 
toxins m the blood haie become sufficiently stiong to cause degeneiation 
about the bloodi essels, and this now appears about the folhculai arteiy 
From this place the degeneration extends toward the penpheiy, leaving 
a horseshoe shaped band of relatively normal tissue between the degen- 
ciation about the lymph sinus and that about the follicular arteiy The 
histological changes in the centre of the follicle will be described under 
teitiary buboes When the follicular aiteiy becomes degenerated, small 
inti afolhcular hemorrhages occur, confined m the centre of the follicle 
Occasionally these hemorrhagic areas unite, produemg massive hemorihage 
through the gland The capsule is usually more or less hemorihagic 

Tertiary Buboes — ^These receive infection from the blood, and occur in 
all portions of the body The glands are laiely larger than from 1 to 2 cm , 
freely movable, haid, and liypermmic On section the tissues are moist and 
hyperremic Hemorrhages, which rarely occur until late, are at fiist mtra- 
folliculai and later massive The first changes occur in the centie of the 
follicle A swelling of the endothelial cells lining the trabeculai network 
appears, folloi\ed by cessation of lymphocytic production and gradual 
degeneration of the walls of the capillaries Phagocytic action of the 
endothelial cells has not been observed in this region Here the nuclear 
mateiial is lost by karyolysis and the protoplasm takes little or no eosin stain 
Any increase in blood pressure at this stage produces hemorrhage about the 
end of the follicular artery The outer iim of the follicle and lymph sinus 
remains intact 

Frequency and Location of Buboes — ^Russell records 2,641 primary 
buboes m 2,700 cases, or 97 8 per cent , Wilm, m Hong Kong, 73 pei cent 
In the writer’s series of 102 autopsies, primary buboes occuiied in 101 or 99 
pel cent 

In the following table the distribution of buboes is given mth respect to 
age and sex, adults over, children under, fifteen years 
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A femoral primary bubo is prominent and hard The oedema is easily 
recognized, often extending from the knee to the lower border of the thorax 
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anteriorly I^Tien the oedema is well developed the bubo may on palpation 
apparently fluctuate, but on section is usually hard The closely located 
inguinal glands may escape infection, none of them being moie than shghtly 
enlarged, or one gland m the group may be very large or the entire group 
may become affected and united by the periglandular inflltration into one 
solid mass On section tins mass has a very chaiactenstic picture The 
cut surface presents a deep-red, congested or intensely hemorrhagic tissue, 
dotted here and there with sections of the numerous lymphatic glands, 
winch have a grayish or yellonnsh-gray color mixed with hemorrhagic areas 
not so deep m color as the red of the infiltrated periglandular tissue Add to 
this the extensive oedema and one has a pathognomonic picture The iliac 
glands may escape infection, or only one, or all, may become enlarged, 
hardened, and surrounded by hemorrhagic tissue or a massive hemorrhage 
throughout the retroperitoneal tissue In the lumbar and pelvic glands the 
same condition may exist Often owing to a backward flow of lymph, the 
iliac and inguinal glands of the opposite side may present pictures of second- 
ary buboes Owing to the proximity of the inguinal glands to the primary 
femoral bubo they may rapidly assume all its characteristics Other glands 
involved are teitiary buboes 

A piimary mgmnal bubo presents a picture very similar to the femoral 
bubo Usually one gland is much larger and the pathological lesions more 
advanced than in the remaining glands of the group At first the laige 
gland IS freely movable, but within a few hours the periglandular infiltration 
includes all of the glands m one solid immovable mass, and the oedema is 
Similar to that described above The femoral and iliac glands of the same 
side, the lumbar, and often the iliacs, inguinal and femoral of the opposite 
side, are secondary buboes All other affected glands are tertiary buboes 
A primary iliac bubo presents a similar picture with oedema and peri- 
glandular infiltration Here the ingumals — rarely, the femorals — of the 
same side, some or all of the remaining iliac, lumbar, and pelvic glands, and 
frequently the ihacs, ingumals and femoral of opposite side, are secondary 
buboes Other glands affected are tertiary buboes 

A primary axillary bubo presents the prominence described, with oedema 
extending varying distances down the arm, over the back and chest as far 
downward as the lower border of the thorax, sometimes crossing the median 
line Some or all of the glands in the axilla may be included m a solid mass 
The remaining glands m the axilla, all of the glands m and undei the pec- 
toral muscles, about the clavicle, and into the thorax, and often many of the 
cervicals, may be enlarged and present the charactenstics of secondary 
buboes All other glands affected are tertiary buboes 

In primary cervical buboes the condition is similar to that above The 
glands about the head, supra- and mfraclavicular, and frequently a few 
glands on the opposite side, become secondary buboes All other glands 
affected are tertiary buboes 

Development and Fate of Buboes — ^No set order of development of a 
primary bubo exists Generally speaking, three groups may be noted, as 
follows (1) Early development of primary buboes When the first 
general symptoms of the disease are noted there is one gland more prominent 
than the remaining glands of the group Often this gland has not been 
noticed by the patient, m others the initial pain is severe (2) The pnmary 
bubo begins to develop a few hours after the general symptoms (3) 
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T^^enty-fou^ to forty-eight houis elapse before the glands begin to enlarge 
After a gland begins to enlarge its progress is usually very lapid, reaching 
its maximum in from four to six days Supjiuration takes place during the 
second v eek, about the tenth day, and is caused by secondary infection In 
a ma]onty of fatal cases death occurs before suppuration takes place In 
the event of recovery the primary buboes may not suppurate, resolution 
taking place, or suppuration may occur, often giMng rise to gangrene which 
on account of lowered resistance is severe, and lequires weeks, often months, 
to heal, or may be the immediate cause of death The outcome of suppura- 
ting buboes IS similar to other infections, but usually reqmres much moie 
time for healing Secondary buboes begin to develop within a few houis 
after onset of the primary bubo When the pnmary bubo is one of a group, 
as an ingmnal, it is often difficult to determine which is the primary and 
which the secondary bubo Suppuration rarely occurs During conval- 
escence the glands return to normal size Teitiary buboes appear quite 
early, following the entrance of toxins into the system On account of 
the frequent occurrence of slightly enlarged glands it is difficult to determine 
when the enlargement fiist begins Suppuration rarely occurs In one 
case two glands simulating primary buboes were found, one in the axilla, the 
other in the groin One of these v as most probably a tertiary bubo 

Respiratory System — ^The nasal mucous membiane is negative The 
pharynx, larynx, and trachea are frequently hypersemic, often having an 
intense dark violet-blue color, sometimes hemorrhagic In the last stage 
of the disease oedema of the glottis may be present Congestion and oedema 
of the lungs are common, and varying degiees of bronchitis and broncho- 
pneumonia occur The pleuia, both visceral and parietal, frequently show 
punctate hemorrhages and often hydrops, especially late m the course 
The lymphatic glands at the base of the lung and m the mediastinum aie 
enlarged, presenting the charactenstics of teitiary buboes 

Pneumoma — ^The consolidation may be extensive, but is more frequently 
lobular By the union of a number of lobules small consolidated areas 
are formed which on section are red and hard, and from the surface atluck 
yelloiMsh fluid exudes The lobule is filled vnth red blood cells, masses 
of bacteria, and but little serum The alveolar walls are thickened and the 
vessels congested Blood and masses of bacilli are found m the bionchi 

Circulatory System — Pencardtum — The pericardial sac may contain a 
few centimeters of light straw-colored fluid In the parietal layer the ves- 
sels are congested, and on the outer and inner surface numerous punctate 
or diffuse hemorihages may be noted On the visceral layer subpencar- 
dial hemorrhages, punctate or diffuse, are more common than on the parietal 
layer 

Heaii — ^The right heart is as a rule much distended, the left heart empty, 
the vessels distended, and the muscle flabby, showing parenchymatous and 
fatty degeneration Often the intramuscular vessels are distended with 
leukocjhes, and intramuscular hemorrhages occur The heart valves 
and endocardium are normal save an occasional subendocardial hemor- 
rhage Very few lesions are to be found in the arteiies Periglandular 
infiltration may extend through the vails of a neighbonng bloodiessel, 
causing massive hemorrhage and infiltration of the vessel walls, sometimes 
associated vitli a thrombus Inflammation along a vas vasorum is 
sometimes noted The capillaries are usually much distended, sometimes 
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thrombosed, often ruptured, causing extensive hemorrhages Extreme 
congestion of the general venous system is one of the most strikmg condi- 
tions at autopsy Extensive hemorrhages m the walls of veins near a 
primary bubo are frequently observed 

Spleen — ^The spleen is usually enlarged, varying from normal to three 
or four times the original size A typical plague spleen is firm, the capsule 
tense vnth perhaps a few subcapsular hemorrhages, and reddish-brown in 
color On section the tissue bulges, the surface is dry oi very slightly 
moist, the color red with a bluish-purple cast, the Malphigian coipuscles 
and trabeculae are visible with frequent hemorrhages, the pulp is increased 
The tissues are widely sepaiated, 'wnth the small round cells and polymor- 
phonuclear leukocytes increased, and some desquamation of endothelial 
cells hnmg the membranes The fixed elements show varying degrees 
of cloudy swelling, fatty degeneration, and diminished amount of nuclear 
matenal Intense congestion and frequent extensive hemoirhages are 
present Focal areas of necrosis are sometimes observed Plague bacilh 
are seen in masses, scattered through the tissues and intracelluiai 

Digestive Tract — ^The mucous membrane of the mouth is usually diy, 
more or less hypersemici, occasionally hemorrhagic, and fiequently coveied 
inth a wlutish or yellmvish-wlute coat The tongue is usually coated 
white, later, especially along the median line, the coat turns brown to brovm- 
ish-black The edges of the tongue are clean, red and oedematous The 
papillge are prominent The tonsils may be enlarged, hypereemic, coated 
white or yellowish-white, and occasionally show considerable enlargement, 
followed by pus foimation and necrosis In ordinary cases the sputum 
IS negative, but when the disease has become systemic and in pneumonic 
cases bacilh may be found The oesophagus is rarely affected, save by an 
occasional punctate hemorrhage In the stomach no constant lesions are 
found The mucous membiane is often hypereemic and studded with 
punctate hemorrhage Frequently there is an acute catarrhal gastntis with 
hypersecretion and more or less altered blood The Ijmiphatic structures 
may be swollen The mucous membrane of the intestines may be hyper- 
semic, and hemorrhagic especially m the duodenum The sohtary follicles 
and Peyers’ patches are swollen, but rarely show degenerative changes 
Occasionally ulceration takes place The mesentenc glands are usually 
enlarged, hypersemic but rarely hemorrhagic About the caecum a chain 
of glands is frequently large enough to palpate The peritoneum is usually 
dry Occasionally a small quantity of light straw-colored fluid is present 
Pentomtis sometimes occurs over an enlarged iliac gland In the cases 
observed there was a tluck yellowish-gray cheesy layer over the affected 
peritoneum 

Invei — ^The liver is slightly enlarged and congested Its surface presents 
more or less subcapsular hemorrhage, especially about the suspensary 
ligament, together with areas of fatty degeneration varying in size, and of a 
soft yellowish-wlute color The lobules may be of a light color with the 
central vein prominent A section shows cloudy swelling, areas of fatty 
degeneration and distention of bloodvessels Hemorrhages rarely occur 
m the substance of the liver Stained sections show varjnng degrees 
of parenchymatous degeneration and usually considerable fatty degener- 
ation, which m areas completely obliterates the protoplasm of the cells and 
is most marked m the periphery of the lobule and in the area nearest the 
2 — 19 
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artenal blood supply At first the fat droplets are arranged in lows aloiij_, 
the side of the cell nearest the capillary, making a very stiilang picture 
The nuclei of the cells have lost a portion or all of their nuclear material 
Focal areas of degeneration are found, containing broken-doivn cells, bacilli, 
and more or less blood ^ 

Pancreas — ^The pancreas presents no changes save a large or small 
number of punctate hemorrhages 

Gemto-unnary System — ^The adrenals present no changes The kid- 
neys may show no changes, but var^ung amounts of subcapsular and 
punctate hemorrhages may be found, ivith varjung degrees of parenchyma- 
tous and fatty degeneration The pelvis is particulaily prone to hemor- 
ihage, either punctate or general In the ureters and bladder hemorrhages 
sometimes occur Cystitis is rare Hyperiemia of the urethra has been 
observed Severe uterine hemorrhage, especially at a period, is common, 
and abortion usually occurs m the pregnant (Edema of the labia is not 
uncommon 

Uiinc — ^The urine is usually diminished m quantity, of a high color, 
and of high specific graMty, contains a small amount of albumin, globulin, 
indican, and diminished chlorides, but no sugai Epithelial cells, varjnng 
amounts of pus, and red blood cells v ith many granular and fatty casts are 
found The blood in the unne depends more on the amount of hemoi- 
rhage along the urinary tract than on the degree of acute nephritis Sup- 
pression of urine is common, especially in the later stages Plague bacilli 
occur m the urine One case of urethral discharge, thought to be gonor- 
rhoeal, was found to consist entirely of semen containing numerous pus cells 
with a pure culture of plague bacilli 

Nervous System — ^Anatomical changes are rare There are varying 
degrees of hyperaemia, with an occasional punctate hemorrhage in the 
meninges Meningitis occasionally occurs The nervous manifestations 
are largely functional, due to toxiemia and congestion 

Special Senses — ^Rarely affections of the ear arise from extension of 
inflammation, from primary cer^^cal buboes, and from hemorihage Con- 
junctiintis IS common, and keratitis, iridocyclitis, and hypopyon occur, 
sometimes going on to panophthalmitis Injection of the vessels of the 
conjimctiva is frequent 

Blood — No change in the red blood cells is noted although a slight 
diminution m their number and luemoglobm content has been mentioned 
A polymorphonuclear leukocytosis begins with the disease, varying from 
8,000 to 45,000 per cmm The blood platelets are usually greatly increased 
Plague bacilli enter the blood through the lymphatic vessels and by direct 
grow th into a vessel through the tissues about a primary bubo There is a 
progressive septicaemia, beginning a few hours after the onset and increasing 
until just before death, wEen the blood practically becomes a pure culture 
of bacilli Clumps of bacilli are often observed m the peripheral circulation 
and many being too large to pass the capillaries, consequently form emboli 
and new colonies of bacilli, which grow' through the walls of the vessel into 
the tissues, causing hemorrhage and frequently leading to thrombosis and 
pustules In 31 fatal cases the bacilli w'ere found as follow's — 

* Icterus IS not uncommon It is probably due to pressure on the duct from 
enlarged Ijunphatic glands 
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Within 24 hours before death 31 positive 100 00%, 

Within 48 hours before death 15 positive 46 39%, 

Within 72 hours before death 8 positive 25 80%, 

Within 96 hours before death 3 positive 9 68%, 

Within 120 hours before death 1 positive 3 22% 

In convalescence, bacilh may be found in the blood days after all traces 
of the disease have subsided — ^in 1 case after forty-five days 
Inoculation Experiments — Practically all animals aie susceptible to 
plague Subcutaneous inoculation of a fatal dose produces a swelling 
about the seat of inoculation Avhich on section shows marked oedema (pale 
yellow fluid exudes from the cut surface), varying degrees of hemorrhage, 
usually extensive, and infiltration of small round cells, few leukocytes, and 
varying numbers of red blood cells The nearest lymphatic glands are 
enlarged, hypersemic or hemorrhagic, hard, and on section show the changes 
found m a secondary bubo Rarely is a primary bubo tound, but if the clin- 
ical course is long, one may develop and go on to suppuration Rats have 
been observed with large ulcers, most probably from plague buboes All of 
the lymphatic glands are enlarged, hard, hypersemic, and, on section, the 
changes incidental to tertiary buboes are noted The blood shows a leukocy- 
tosis and plague bacilh varying according to the duration of the infection, 
hut usually in large numbers The spleen is enlarged, hard, often hemor- 
rhagic, and on section the pulp is firm, bnck-red m color, with structures 
visible The hver is somewhat enlarged, often showing fatty degeneration 
All of the organs, especially the heart, lungs, liver, and spleen, may show 
extensive hemorrhages There is a remarkable similarity to the lesions 
found in human cadavers 

Plague Among Animals — -Widespread infections and migration of rats 
have frequently been noted ]ust before an epidemic, when rats, dead of plague, 
may be found Its origin among rats has not been determined, but it 
probably anses from infected matenal recently mtioduced into a distnct, 
or IS propagated by mild cases among them Rats with open ulcers 
from broken-down buboes are especially important factors in keeping the 
disease alive Fhes and fleas contract fatal plague, consequently the former 
may infect food and the latter transfer bacilli from place to place and their bite 
produce direct infection Bacilli may remain virulent in the stomach of bed- 
bugs for a number of days, but their bite is harmless unless the insect is 
mashed on the wound, when infection may take place Ants harbor the 
bacilli for a number of days, and may carry infection from place to place, 
especially from cadavers to the surface of the ground 
Climatological F eatures — ^Plague has been observed in frigid and tem- 
perate climates, but flounshes best in moderately warm, diy ■weather, such as 
IS found in the tropics and sub-tropics from the end of winter to the rainy 
season, or usually from January to June The maximum number of cases 
usually occurs before the hottest days In these sections the onset and close 
of the epidemic is gradual, with isolated cases throughout the remaining 
months of the year This seasonal penodicity is not absolutely constant, 
yet noticeably frequent Elevation is of no importance, as the disease 
flounshes either at the sea level or in very high altitudes 
Portal of Entry — Owing to the absence of local reaction about the seat 
of inoculation, it is always difficult and usually impossible to determine this 
In inoculation experiments the Ijunphatic glands draming the inoculated 
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area are most affected Consequently it is reasonable to infer that a pnmary 
bubo indicates m what area the infection occurred It has been shown that 
primary buboes occur most frequently m the groin, next, in the axilla 
Therefore the majority of infections occur through the skin of the extrem- 
ities and trunk Cases mth pnmary pustule and lymphangitis offer no 
difficulty, but in others the areas immediately surrounding a scratch or 
wound are inflamed, making it impossible to tell through which lesion infec- 
tion occurred The probabihties are that infection may enter any abrasion 
or even a microscopic wound of the skin and mucous membranes In chil- 
dren it IS thought that infection occurs most often through abrasions in the 
buccal mucous membrane Bacilli introduced into the stomach may or 
may not produce infection 

Direct Transmission — ^In all well-advanced cases all of the secretions 
and excretions may contain the organisms m large numbers Of special 
importance are the pus from buboes, excretions from pustules, vomitus, 
and the sputum in pneumonic cases The sputum, sweat, urine, and 
faeces, in given cases, may be infected Consequently the bedding, furni- 
ture, and room may become infected, and those m attendance are con- 
tinually exposed to direct contact with infected material and may at any 
time become infected through abrasions, etc Notwithstanding tins, very few 
attendants m hospitals have contracted the disease The cadaver contains 
many bacilh and consequently is a dangerous source of infection until 
disinfected or destroyed 

Indirect Transmission — ^The viability of the organism and the relatively 
small number of bacilli necessary to produce infection are of importance 
in this connection The organism is killed by direct sunlight m from two 
to four hours, protected from sunlight, even under unfavorable conditions, 
bacilli are capable of retaining life and virulence for an undetermined period 
In cultures full virulence has been noted at fifteen months, on dned paper, 
at forty-five days, in cadavers, at forty-eight days, and m sputum, at seventy 
days Exposure to intense cold does not necessarily kill the organism , 60° C 
lulls in an hour, and 80° C in fifteen minutes To the oi dm ary disinfec- 
tants the bacilli are very susceptible Considering that even one organism 
may possibly produce infection, this longenty becomes important, especially 
m explaining a possible infection of rats and other vermin by old clothing, 
etc It has not been shown that air and water carry the oigamsm for any 
length of time The long life of the organism and the probable infection 
through the skin make the hygienic condition of the individual, the home, 
and the section of a city or community, matteis of the highest importance 
The history of epidemics shows that plague thrives best among those who h\ e 
m filth The relative immunity of those Imng in hygienic surroundings is 
endence of the important role of indirect transmission 

Spread of the Disease — Convalescent patients, especially those with an 
old unhealed ulcer from a bubo, indinduals who have been exposed to mfec- 
tion but have not yet developed the disease, migration of rats and other 
animals from district to district and especially on board ship, transportation 
of clothing and articles of merchandise, especially fabncs and raw matenals, 
are tlie most important means of carrjnng the disease from distnct to district 
Water and air are not good earners of infection Fhes, fleas, and other 
insects ma-y carry infection vithin limited areas 
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"When introduced into a new district the first few cases are separated by a 
considerable interval of time, and therefore attract little or no interest and too 
often pass imdiagnosed One or two years may elapse before an epidemic 
begins The first few cases may establish infected centres from n Inch the 
disease spreads These cases do not always occur m the same house or m 
the same district The second or third case may be found blocks away from 
the first knorsm case After the disease is fairly well established it does not 
necessarily go from house to house down a given street, but skips about from 
block to block Only one member of a large household may suffer from the 
disease, and months may elapse before a second case occurs m the same 
house But after the disease has become well established there develops what 
may be called infected centres or houses in which case after case is found 
The annual duration of an epidemic is rarely longer than six months, dunng 
which time most of the cases occur within two or three months Usually the 
daily number gradually increases up to the maximum, followed by a gradual 
deerease toward the end of the epidemic A greater or less number of 
isolated cases occur during the remaining months of the year The disease is 
probably kept alive during the interval by mild cases, infected rats and 
insects, and by infected matenals, houses, etc 

Age, Sex, Race, and Occupation — The young and old of all races are 
equally susceptible, yet the majority of cases occur between the ages of 
twenty and forty years, due probably to increased exposure In childhood 
and after the age of fifty the numbers are proportionately small The 
apparent immunity of some races living in infected districts is due to good 
hygienic conditions Laborers at all trades are affected, but the freedom of 
workers m oil and water has been noted, probably due to the protection and 
cleansing of the skin by these substances 
Predisposing Factors — ^These are fatigue, poor food, insuflBcient clothing, 
and the crowding of large numbers into filthy quarters 
Incubation Period. — ^From observations in isolation camps and acci- 
dental infections this has been found to vary from two to ten days A few 
authors give fifteen days as the longest period 
Symptoms — ^The chmcal manifestations are very varied The most 
important varieties are pestis minor, abortive or ambulatory plague, pestis 
bubonicse or bubonic plague, septicaemic plague, pneumonic and intes- 
tinal plague 

General Symptomatology — Sudden onset, rapid development of severe 
sjTnptoms, such as high fever, severe prostration (often reaching a typhoid 
state vntlun foity-eight hours), severe vomiting (often bloody), intense pain, 
headache, and pain about the buboes, severe nervous symptoms, such as 
lestlessness, sleeplessness, delirium, epileptiform seizures, and coma followed 
by death witlun two to four days The prostration is out of all propoition 
to the degree of fever and duration of the disease, there is a most peculiar 
facial expression, vnth the eyes bnght and staring as if looking at a distant 
object, the conjunctivse are injected, and nostrils dilated, the face expresses 
pain, fear, and anxiety, the respiration is burned, and labored, the body 
IS flexed This picture, when once seen, cannot be forgotten 

Fever — ^There is no charactenstic fever-curve Generally the symptoms 
are out of proportion to the degree of fever, which rarely exceeds 104° F — 
occasionally 107° P Its onset is not constant In the first days a gradual 
rise IS noted, i caching a maximum on the third or fourth day, after vliicli 
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a gradual decline occurs More often the onset is with a sudden rise as high 
as 103° or 104° F , after which there is in some cases continuous fever with 
daily morning remission and afternoon or evening rise Frequently a remit- 
tent type oecurs with morning remissions of from one and a half to tvo 
degrees Occasionally a true intermittent type is present, the temperature 
falling to 96° or 97° F A continuous curve for from two to three days may 
be followed by a drop of from two to three degrees or e^en to a subnormal 
temperature, to be followed by a rise above the highest temperature yet noted 
In the second rise a remittent cm ve is usually present Marked irregularity 
IS perhaps the most constant feature Sudden drops to noimal oi subnormal 
are not rare, and variations of from two to tliree degrees are common Just 
before death there may be a drop of three or four degrees to or below normal, 
followed by a sudden rise of four or five degrees, and death The fever con- 
tinues from six da}B to four or five weeks, usually from six to ten days, and 
subsides, as a rule, by lysis to normal, oi frequently to a subnormal tempera- 
ture v Inch may last several days After several days of normal or subnormal 
temperature a second nse may occur With suppuration the temperature is 
of the septic type, vluch rapidly subsides after drainage With each suc- 
ceeding glandular suppuration a similar rise occurs In some cases even with 
marked buboes and general sjmiptoms only a degree or two of fever may be 
noted As a rule the cases with very high temperature are fatal, yet the 
degree of fever is not good prognostic evidence Postmortem rise of tem- 
perature frequently occurs, 109° F has been noted a few hours after death 

Pulse — ^In no other infectious disease does the heart weakness manifest 
itself so early and so severely Frequently at the end of the first, rarely later 
than the third day, pronounced symptoms of heart weakness are present 
The pulse dunng the first few days is full, large, of moderate tension and often 
dicrotic, later it is small, weak, equal, regular, or often intermittent The 
development of septicsemia has no influence on the pulse The rate varies 
from about 120 to 180, and frequently late in the disease is much higher 
Pulsus paradoxus has been noted In very severe cases the pulse may 
become so v eak and rapid that it is impossible to count it at the wrist Dur- 
ing convalescence a rapid, weak, and often intermittent pulse, is present for 
an indefinite time 

Duration — Plague runs a most varied course Fatal cases last from 
eighteen hours to fifteen days, but the majority terminate before the sixth 
day Septiciemic plague is fatal in from eighteen hours to seven or eight 
days, usually before the fifth day Pneumonic type is fatal in from two to 
seven or eight days, usually before the fifth Bubonic type m the majority 
of cases is fatal before the sixth day Usually death occurs before the bubo 
has had time to suppurate Generally speaking, if the patient lives through 
the fifth day, his chances of recovery are good Convalescence is often com- 
plicated by success!! e suppuration of a number of lymphatic glands and by 
sei ere heart v eakness, often protracted for months 

Pestis Minor, Abortive, or Ambulatory Plague — Pestis minor occurs 
dunng several months or a year prenous to a general epidemic The sjrnip- 
toms are light and verj varied One or more lymphatic glands, the inguinal 
most frequently, are si\ ollen, more or less painful, and usually go on to reso- 
lution but rarely to suppuration Pew bacilli are found in the blood, while 
relatnely large numbers are present in the fluid from a bubo These organ- 
isms are not highly pathogenic The general sjmiptoms are slight head- 
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ache, general malaise, occasional vomiting, heart palpitation, slight diarrhoea 
or constipation, and low fever The picture varies from simply an enlarged 
lymphatic gland to one with all the above symptoms m moderate degree 
After a severe epidemic many cases of pestis minor occur, especially in in- 
fected centies Some observers tlunk that many so-called cases of pestis 
minor are climatic buboes These must be differentiated from venereal 
buboes, dengue, and any of the infectious diseases with enlarged lymphatic 
glands 

Bubonic Plague — ^The prodromal sjnnptoms are general malaise, weak- 
ness, slight chills, pains in the head and limbs, sleeplessness, loss of appetite, 
vomiting, palpitation, and aching m the region of the future primary bubo 
The onset is often accompanied by high fever, which reaches its height the 
first day, or more commonly, not until the second or thud day, and is usually 
associated with slight initial chills It is not uncommon for the chills to 
continue at short intervals throughout the course The fever may rise grad- 
ually, reaching its maximum about the fourth or fifth day, and as a rule is 
very irregular, frequently being intermittent and usually showing a daily 
remission of from one to two degrees In the usual favorable case fever lasts 
from seven or eight to ten days, when as a rule it subsides by lysis to, or a 
httle below, normal for a number of days After several days there may be, 
even in uncomplicated cases, a rise of one or more degrees for a short period 
If suppuration occurs during the second week, a septic fever-curve may be 
present until the abscess is drained In fatal cases the temperature may 
drop from 103° F or 104° F to or below normal within a few minutes, 
followed by a rapid rise to or above the previous temperature, and death, 
or the temperature may rise from 103° or 104° to 105° F or even 107° F , 
to be followed by death A dull aching pain in the region of the primary 
bubo sometimes precedes all other symptoms, but more often fever develops 
first As the buboes develop rapidly, pain due to stretching of the tissues 
is severe, limited mostly to the region of the bubo Pain continues until the 
active process has subsided, after which the patient is fairly comfortable until 
suppuration begins, dunng the second week It is more frequent than 
resolution Usually the tissues heal slowly, often requiring months, and 
frequently severe gangrene occurs On account of the pain the patient 
assumes the position best suited to relieve pressure on the affected glands — 
this IS, flexion of the leg on the trunk in primary inguinal bubo, the arm 
close to the trunk in primary axillary bubo, and the head to the affected side 
in pnmary cervical bubo Internal glands may or may not be painful, but 
if large and numerous, severe pain is common It is especially noted on pres- 
sure along the inguinal chain, and when the mesentenc glands are large, 
general pain over the abdomen is often severe Suppuration of internal 
glands may lead to severe complications The conjunctivie are reddened, 
the pupils equal, often dilated, or more rarely contracted In advanced 
cases the eyes are sunken and lusterless, wuth the corona somewhat clouded 
In others the eyes are bright, staring, and may have an intense, anxious 
expression The nostrils are widely dilated and move wuth each inspiration 
The mucous membranes may be normal or somewhat hyperaimic The 
tongue is slightly swmllen, covered with a wdiite coat, wuth prominent papillse, 
the edges clean, bright-red, and showung the impnnt of the teeth Later, 
especially in the centre, the coat turns to a dirty blackish-browm color The 
buccal mucous membrane is red, oedematous, and occasionally covered 
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with a whitish coat The pharynx is red, often bluish from congestion, and 
occasionally coated The tonsils maj’^ be swollen and hyperfemic Later in 
the disease the skin may show, over the face, trunk, and upper extremities, 
numerous small punctate, bnght-red hemorrhages or, less seldom, over the 
trunk and upper extremities, diffuse, large, irregular, subcutaneous hemor- 
rhages of a blmsh-black color Dunng the first days the slan is dry and hot, 
later periodical or continuous profuse sweating may occur Some authors 
ascnbe a peculiar odor to plague patients The pulse is rapid, small, of low 
tension, often dicrotic and rarely lessthan 100 and often 180 The respirations 
are rapid (40 to 60 per minute), superficial, and labored At this time the 
patient with his anxious expression, quickened respiration, and flexed atti- 
tude, presents a pathognomonic picture which once seen suffices for a ready 
diagnosis The heart is usually somewhat dilated, and may have soft systolic 
murmurs at the base The lungs may show a few moist rales with harsh 
respiration, probably due to congestion and oedema The spleen is enlarged, 
but rarely reaches more than about 1 cm below the costal margin The liver 
may often be felt Diarrhoea or constipation may be present or alternate 
The abdomen, unless the deep or mesenteric lymphatic glands are enlarged, 
IS negative The unne is diminished in quantity and occasionally reten- 
tion may occur, more rarely anuria, especially for a few hours before 
death The nervous symptoms are vaned Vomiting is common at onset 
and through the first fev days Headache may be severe and at the on- 
set the degree of piostration may be phenomenal, the patient reaching a 
tj^ihoid state within two or three days Again the patient is restless, toss- 
ing about, excited even to dehnum, talkative or crying by turns, even crazed, 
lea\ang the bed only to pass into epileptic seizures and fall on the floor, there 
to remain unconscious for a longer or shorter time Awakening from this 
state, he may suffer intense pain, often relieved by passing into a benumbed 
or unconscious state For a few hours before death coma is not uncommon 
In other cases consciousness may be retained until the last Owing prob- 
ably to congestion, symptoms suggestive of meningitis may be noted 

Septicsenuc or Fulminating Plague — ^The onset is sudden, with high 
fever, prostration, and dehnum Prodromal sjTnptoms may or may not 
be present All of the sjnnptoms are rapid and severe All of the lym- 
phatic glands are more or less enlarged and painful, but no pnmary bubo devel- 
ops The prostration is severe from the beginning and coma may develop 
earl} Vomiting is often persistent and severe Bloody diarrhoea is fre- 
quent The pulse is rapid and of low tension The spleen rapidly enlarges 
and is easil} palpated Death almost mvanably results m from eighteen 
hours to three days after onset These cases are often intensely hemorrhagic 

Pneumomc Plague — Pneumonia occurs m two forms first, lobar 
pneumonia caused b} the diplococcus lanceolatus, and second, true plague 
pneumonia Plague pneumonia appears either as pnmary, or secondary 
In pnmarv plague pneumonia prodromal symptoms are rare The onset is 
usually sudden, with a rapid nse of fever, frequently accompanied by a severe 
chill or chills, and rapidly followed by severe headache, geneial body pains, 
■vomiting, and se^ere prostration The fever is high and usually irregular, 
occasionally intermittent, the pulse -vieak, of low tension, and rapid The 
heart is eak, and, owing to a compensating emphysema, may present a 
diminished area of dulness The spleen rapidly enlarges, is easily palpable, 
and forms one of the best differential signs The respiration is rapid. 
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reaclung 75 or over per minute Cyanosis is usually marked As a rule no 
primary buboes develop, but after the disease becomes systemic one or 
more may appear Septicaemia develops early The general sjmiptoms 
described for bubonic plague, excepting buboes, may be noted in pneumonic 
plague Plague pneumonia comes in two types, the bronchitic with limited 
bronchopneumonia, and a more extensive consolidation with less bronclutis 
In both types cough is present The bronchitic form presents a serous 
frothy sputum with more or less blood and often a pure culture of plague 
bacilli The physical signs are rales, either fine crepitant or moist and 
piping, mth harsh breath sounds, a slightly dull note, and no change m the 
vocal fremitus When the consolidated areas increase the sputum contains 
more blood and dulness is moie extensive Often small dull areas may be 
outlined In the more consolidated type vocal fremitus is increased, 
crepitant, moist, and piping rales are common, the breath sounds are 
rough and more tubular, and the consolidated areas larger, perhaps in\olv- 
mg an entire lobe The sputum is almost puie blood, bright-red and frothy, 
but IS larely tenacious Dyspnoea and cyanosis aie extreme The intensely 
bloody sputum rarely occurs before the second or third day Vomitus nch 
in blood and bloody diarrhoea are common Pleural friction with pain 
IS early and severe The nervous manifestations are similar to bubonic 
plague The duration of the disease vanes from two to eight days, but usually 
death occurs vnthm five days Diagnosis is difficult and in the bronchitic type 
may be overlooked until autopsy The glands at the base of the lungs are 
secondary buboes 

Secondary pneumonia develops from emboli or aspiration of infected 
matenal Emboh anse from clumps of bacilli often found in the periph- 
eral ciiculation, and from dislodgment of a portion or all of the small 
thrombi which commonly form in the capillanes Mural thrombi m the 
veins near a pnmary bubo may give nse to emboli Clinically the two forms 
cannot be differentiated and frequently are entirely overlooked The 
embolic pneumonia may occur early m the course, the aspiration form 
usually toward the end, and regular lobar pneumonia in the last portion of 
the clinical picture The embolic type usually shows numerous areas of 
consolidation throughout the lung, while the aspiration form is more often 
limited to the lower lobes Clinically the increased respiration and cyanosis 
aie of no diagnostic value, as both occur in non-pneumonic cases Rales 
and small areas of dulness may lead to a diagnosis, especiallj^ if near the 
surface A pleural fnction rub, with severe pain, is not uncommon If the 
consolidated areas assume large dimensions they may be recognized by the 
oidinary signs 

Intestinal Plague — In this form the Ijunphatics of the intestines and 
mesentenc glands are most affected The onset and general sjmiptoms are 
as previously described, save the presence of marked vomiting of bloody 
material, bloody diarrhoea, and intense pains throughout the abdomen Bu- 
boes are absent 

Sequelae — ^^anous nervous affections, such as paralyses of vanous kinds, 
may follow plague Inflammation may appear m the joints, middle ear, and 
especially in buboes one after another Protracted heart weakness may con- 
tinue for an indefinite penod Gangrene of the lung and protracted hem- 
orrhage from the urinary passages are not uncommon Suppuration of 
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internal buboes may lead to abscess formation in the peritoneal cavity or 
mediastinum 

Diagnosis — During an epidemic this is very easy, especially the bubonic 
type, but before and after an epidemic, and especiallj before plague is 
knovm or suspected, a diagnosis is difficult and frequently the disease is not 
even suspected Medical men in all seaport tovns and m districts liable to 
infection should always have plague m mind The first cases may present 
only a small swelling of a lymphatic gland with or without light geneial 
symptoms Here the presence of plague bacilli in these glands and fre- 
quently in the blood is of great importance, and no time should be lost in 
punctunng the bubo with a hj'podermic needle, and with the extracted fluid 
inoculating a mouse, rat, or guinea-pig, and making cultuies The condi- 
tion of the inoculated animal and the cultures will give a positive diagnosis 
vithin a few days 

Ohmatic Buboes — ^Light attacks with buboes and slight general symptoms 
must be differentiated from climatic buboes, which usually occur in the 
groin, are painful, and may go on to suppuration with fever Their couise 
is about one week They occur sporadically or in light epidemic foim 
Bactenologically the buboes and blood are negative 

Febrile Ademtis — ^This occurs usually in childien, sporadically or in 
epidemic forms The glands of the neck, occasionally of the axillie, are 
enlarged and painful Fever reaching 103° to 104° F may be present 
Generally the disease is light and lasts but a few days The glands and 
blood are negatu e bactenologically 

Venereal Buboes — ^Veneieal buboes may simulate a light attack of plague 
Here the history and bacteriological findings seive to differentiate 

Infectious Diseases — Most of the infecbous diseases may cause enlaige- 
ment of the lymphatic glands Here the clinical picture, seventy of the 
attack, and bactenological examination, distinguish the disease Plague 
without buboes may simulate malana, typhoid, and relapsing fever Here 
the history is of importance, but the careful bactenological examination 
should within a few hours suffice In the tropics and subtropics dengue 
fever with enlarged lymphatic glands must be considered Here the subse- 
quent clinical picture, pain about the joints and muscles, the exanthem, and 
negative bacteriological findings are distinctive Diphtheria with minor 
throat symptoms is easily differentiated In cases with seveie involvement 
of the mesentenc glands, especially those about the ciecum, and vath a large 
tender ihac gland, appendicitis is suggested Here a blood examination may 
be of value An increase of blood platelets may suggest plague The 
development of a bubo would determine the diagnosis Isolated cases of 
plague pneumonia may go unnoticed Here the sputum, rapid respiration, 
cyanosis, severe prostration, and enlarged spleen, should suggest a bacter- 
iological examination Skin lesions present no difficulty A primary pus- 
tule may be differentiated from a malignant pustule by the bacteriological 
finding In the absence of an epidemic a microscopic and bactenolog- 
ical examination is the only possible means to a sure diagnosis Even here 
some experience is often necessary Fatal cases should go to autopsy, vhen 
the general lenous engorgement, hemorrhagic character of all the organs, 
fattj Iner, large hard spleen, enlarged lymphatic glands, and the presence 
of a bi-polar bacillus, suffice for a tentative diagnosis, until the organism has 
been identified After this a positive diagnosis may be made 
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Serum Diagnosis — ^Agglutination of plague bacilli by serum from plague 
patients rarely occurs during the first week, more often m the second, and 
quite constantly m the third and fourth weeks, so that agglutination is of 
no value until late m convalescence 

Prognosis — ^This depends on the general severity of the existing epidemic 
The death-rate varies from 30 to 95 per cent The general condition of 
the patient and type of plague are the most important factors In order of 
severity the types are pneumonic, septicsemic, bubonic, and pestis minor 
Prognostication is of little value during the course except m pestis minor 
Clinically, the degree of dilatation of the heart and the strength of its beat 
are perhaps most trustworthy 

Treatment — Symptomatic treatment is indicated An initial purgative 
IS good Stimulants should be used, and if fever is high cold applications 
are of value Some use is made of antipyretic drugs Bichloride ot mercuiy 
m large doses is recommended For the headache, an ice-cap is preferable 
to drugs For vomiting, cold applications to the epigastrium and ordinary 
remedies may be used In severe hemorrhagic cases styptics are indicated 
In violent or very restless cases hyoscine is of service Is^o treatment for the 
buboes will be effective until fluctuation suggests incision and drainage 
Excision of buboes is of doubtful service and is often followed by serious 
results In convalescence stimulants are valuable All skin lesions should 
receive antiseptic treatment 

Prophylaxis — ^When plague is suspected an early diagnosis is all-impor- 
tant Thereafter the disease should be handled in a general and special 
way An efficient corps should be organized for the purpose of cleaning 
every nook and corner of the city or distnct and for reporting to one or moie 
well equipped medical men every case of sickness Each case of sickness 
should be visited as early as possible for diagnosis Every case of plague 
should be removed to an isolated plague hospital and the inmates of the house 
should be placed m quarantine General detention quarantine camps are 
questionable, for here many may be exposed for the first time to infection 
Information should be given of the nature of plague The town should be 
placarded with information regarding protection of the feet and legs , clean 
hness of the house, clothing, person, and food, disposition of garbage, 
infected material, rats, etc Tfie general hearty cooperation of the public 
wth the officials in charge of the plague Avork should be enlisted At the 
plague hospital and detention camp should be men skilled m the diagnosis 
of plague to dimmish as far as possible further exposure to infection In- 
fected houses or centres, clothing, furniture, etc , should be destroyed at the 
public expense All articles capable of disinfection without m 3 ury should 
be disinfected General disinfection of the houses and their contents, and 
destruction of rats, mice, insects, etc , should be effected as rapidly as possi- 
ble An early removal, followed by disinfection — or, better, destruction — 
of the dead is desirable 

Quarantine, to be of value, must be ngorous Convalescents, infected 
materials (paiticiilarly fabrics), and rats (especially on board vessels), ma^ 
carry infection Effectne quarantine measures AAOuld curtail commercial 
movements to what might be considered by business men an unA\ arrantable 
degree Nevertheless, distncts free from plague should insist on an abso- 
lute quarantine, since plague once introduced into a community is almost 
impossible to eradicate 
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Prophylactic Inoculation — Haffkine prepaies a serum by the sterilization 
of a virulent bouillon culture, tor one hour at 70° C carbolic acid (0 5 per 
cent ) being added The dose of this is from 2 to 3 cubic centimeteis sub- 
cutaneously injected A leaction follows with local swelhng, more oi less 
fever, headache, and general malaise These symptoms rarely last longer 
than tw o days Partial immunity appears in from seven to ten days and is 
said to last for from three to si\ months Statistics indicate that these inoc- 
ulations 1 educe the number and seventy of infections 

Lustig's Protective Inoculations — ^Lustig dissolves cultures on agar-agar 
in 1 per cent solution of sodium hydrate and precipitates the glutinous or 
jelly-like solution with acetic or hydrochlonc acid, then washes and dries 
the precipitate which contains the active pnnciple and may be kept for an 
ndefinite time Three milligrams of this dissolved in 0 5 per cent solution 
of sodium carbonate is an ordinary dose for an adult A reaction follovs 
the subcutaneous inoculation With each succeeding inoculation this is 
hghter until finally no reaction occurs When the liorse is inoculated with 
sterile culture or Lustig’s prepaiation, a serum is obtained which is protective 
and curative against plague in animals Clinically, when fresh plague sera 
are used early and in large quantities, undoubted benefit results The fever 
IS lowered, pulse improved, and the degree of septiciemia lessened 
Vaccination, — ^Vaccination with attenuated cultures is not yet perfected 
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BACILLARY DYSENTERY ^ 

By K SHIGA, M D 

Introduction — ^Until recently it was customary to dnide dysentery 
into three forms, epidemic, endemic, and sporadic, or to separate it, accord- 
ing to the clinical features, into two mam groups, acute (catarrhal, fibrinous, 
or diphtheritic) and chronic or tropical dysentery Since the discoveiy 
of the dysentery bacillus new light has been thrown upon the disease, and 
now many authors agree to divide dysentery into two forms, bacillary and 
amoebic 

Bacillary dysentery is an infectious disease produced by the B dyscn- 
tencB Pathologically it produces catarrhal and diphtheritic inflammation, 
with the formation of necrotic ulcers in the intestine Clinically it is char- 
acterized by frequent slimy and bloody stools accompanied by tormina 
and tenesmus 

Historical — Dysentery has been a -well-known disease since ancient 
times, and has existed in all lands from the earliest ages It is mentioned in 
the Papyrus Ebers (1600 B C ) The dysenteric affections have prevailed 
in large or small epidemics, often in pandemics in severe form Alwa-^'s 
a constant companion of war, it has been more fatal to armies than pov der 
and sliot Notwithstanding its frequent occurrence and high mortality, 
the etiology of the disease was not determined until recently, and only m 
the last half of the nineteenth century have the investigations into the cause 
of the disease arrived at satisfactory results 

In 1875 Losch, in St Petersburg, by his thorough investigations first 
proved the association of amoebie with one type of the disease Eight 
years later a variety of amoeba was found by Koch in Egjqit in bloody mucous 
discharges, m the intestinal membrane, and in the liver of dysentery patients, 
which is to be regarded on the basis of animal experiments as the etiological 
factor in Eg-yptian dysentery Soon after this the disease was also thor- 
oughly investigated by Kartulis Osier was the first m the United States 
to demonstrate the amoebae in a liver abscess Subsequently these findings 
were verified by many observers but in spite of severe endeavor, all orkers 
failed to find amoebae in the stools or in the bowels of patients n ith epidemic 
dysentery, which was more destructive than the tropical or endemic dysen- 
tery There is a large literature on the question of the etiological bacteria 
in this form of dysentery Of these, the reports of Chantemesse and Widal, 
Kruse and Pasquale, Arnaud, and Celli and Fiocca are most notenorthy 
Chantemesse and Widal (1888) found in the walls of the large bowel, in 
the mesenteric glands, and in the spleen, at autopsy, and in the stools of 
five persons suffering from tropical dysentery, a bacillus -which they con- 

'P*" -WTote this article in English himself As few changes as possible -were 

made, it being thought better to leave all expressions, the meaning of which -was 
clear, u ithout alteration — Editor 
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sidercd specific and probably the cause of the disease According to 
Widal, his bacillus may be identical Avith the B dysentenw, which is now 
accepted as the true cause of bacillary dysentery Arnaud examined 60 
cases of dysentery in tropical climates and concluded that a sort of B coli 
communis, or a pathogenic variety very much resembling it biologically, 
Avas to be regarded as the cause Celh and Fiocca studied dysentery m 
the tropics and reported that it was caused by a specific variety of the colon 
bacillus, namely, B coh dyscntericus This organism secrets a powerful 
toxin, capable of producing tj^ical dysentery when given by the mouth 
or rectum, or injected subcutaneously into the connective tissue of animals 
Ills bacillus IS entirely different from B dysenienw m its coagulation of 
milk and m the production of gas on glucose media NotAA'ithstandmg this 
he Avould identify his bacillus Avith the B dysenteries 

In 1898, Shiga^ found the B dysentemce in the epidemic dysentery m 
Japan and this organism showed marked agglutination when mixed Avith 
the serum of patients In 1900, Flexner, Strong, and Musgrave studied 
cases of dysentery m the Philippines and isolated a bacillus AAdnch corres- 
ponds m all marked points Avith that of Shiga Almost simultaneously 
AAntli the papers of Flexner, Kruse (1900) published his inA^estigation on 
an epidemic of dysentery m Germany and found a bacillus corresponding 
AAith that of Shiga Thereafter the bacillus was found and confirmed by 
A" Drigalski m the epidemic among the troops at Doberitz, and by Pfuhl 
and Schmiedecke in the dysentery which broke out among the soldiers after 
their return to Germany from the China expedition Furthermore, the 
bacillus Avas found and confirmed by Spronck in Holland,Vedder and Duval 
in the eastern part of the United States, Muller in Austria, Rosenthal 
in Moscoav, Vaillard and Dopter m Vincennes, Jurgens m Prussia, Deycke 
in Constantinople, and Castellani in Ceylon, each in a native epidemic In 
cases of summer diarrhoea in infants in the United States the dysentery 
bacillus Avas found by Duval and Basset, by Knox, and Wollstem In 1903 
the study of this disease was specially undertaken by Flexner and Holt Avith 
their assistants By this investigation it became appaient that the dj^sentery 
bacillus can also cause infantile diarrhoea m both summer and Avmter In 
Japan, Ohno, an assistant m Kitasato’s Institute, has found and confirmed 
the presence of the bacillus m summer and winter diarrhoea It was found 
in the stools of the patients and in the bowel wall and mesenteric glands 
at autopsy In the Russo-Japanese AA’^ai the bacillus was found m dysen- 
tery m iManchuria, among the Russian troops at Port Arthur, and m Korea 

Bacillus Dysentense — ^Morphology — Dysenteric bacilli are small 
plump rods AAith rounded ends, A'ery similar to colon bacilli They are 
usually single, but occasionlly occur in pairs They are not motile,^ and 
no flagella can be demonstrated There is no spore formation The 
bacillus stains readily A\nth the ordinary anahne dyes, but is decolorized by 
Gram ’s method 

Cultural Characters — ^The bacillus grows Avell on the usual culture 
media Gelatine is not liquified, nor indol produced (see Type of Dysen- 
tery Bacilli) 

'Shiga, “TJeber den Erreger der Dysentene (Vorl Mitteil )” Centr f Baht , 1898, 
“Ueber den Dysentenebacillus,” ibxd , 1898 

’In the first inA estiyations I described the bacillus as being slightly motile 
Kruse has described his bacillus as non-motile, and noA\ his Aueiv is accepted 
unii ersaUy 
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Gelatine Plates — Deep colonies are round or oval and possess sharp 
holders Surface colonies aie often, but not constantly, leaf-like in appear- 
ance, lilce the colonies of typhoid bacilli 
Agar Cultwe — Like the typhoid bacillus they show less growth than 
the colon bacillus After twenty-four hours in the incubator they form 
small, thin colonies which are round and have a moist appearance when 
viewed obliquely After several days they become thicker, of a grayish- 
white color, and show thread formation The agar culture is remarkable 
for a sperm-hke odor 

Glucose-agar shows grayish-white growth along the entire line of inocu- 
lation but no gas formation 

Bouillon shows even clouding with sedimentation, but after standing 
for a time the upper part becomes clearer 

Litmus milk gives weak acid formation after one to three days in the 
incubator and after five to seven days an alkaline reaction and a giadual 
increase m the blue color of the culture 

Potato — ^The development is different according to the reaction of potato 
used If the potato is acid, the growth is not perceptible by the naked eye 
It IS, however, apparent and brownish or white in color if the potato is 
cooked m a soda or salt solution, and is alkaline or neutral in reaction 
Involution Forms — ^IVhen B dysenteiim is cultivated upon agar which 
contains a large percentage of salt, various involution forms are seen Upon 
5 per cent NaCl-agar such forms are especially prominent, and appear 
in very inegular shapes Hata showed that involution forms becomes 
specific and more prominent upon f per cent calcium-agar 
Animal Experiments — ^The injection of a small quantity of dysentery 
bacillus culture into the peritoneal cavity of guinea-pigs causes a mucous, 
otten a bloody diarrhoea, the animal dies in a few days At autopsy the 
peritoneum is found markedly injected, and in the peritoneal cavity there is 
an abundant bloody exudation The contents of the intestine are slimy and 
in the walls of the cmcum severe hypersemia and hemorrhages are often 
obvious Among animals this result is most marked in rabbits The 
injection of even a small quantity of bacillus causes severe catarrh and 
hemorrhages upon the serous membrane and the walls of the hovels, vith 
paralysis of the limbs and death of the rabbit after some days Recently the 
author succeeded in causing a dysenteric lesion in the walls of the hovels 
(ciecum), just as in a human body, by injecting a small quantity of dysenteric 
bacilli The mucous membrane of the bowels presented severe oedema, 
hypertemia, hemorihage and gangrenous degeneration The microscopic 
changes weie similar to those of human dysentery 

The Soluble Toxin — ^The action of the dysentery bacillus toxin is very 
characteiistic, and rabbits are very sensitive to it When 0 1 cc or less of 
the filtiate of a seven-days’ bouillon culture is injected intravenouslj it causes 
the death of a rabbit in twenty-four hours, at autopsy remarkable h'^’pcriemia 
and hemorihages upon the serous membranes and the vails of bovel are 
visible, just as vith a living culture Rosenthal, Todd, Kraus, and Doeri, 
repoit the same result A similar action of the toxin is also produced vith 
the filtrate of a tv'enty-foiir-hour agar culture heated at 60° C for one hour 
and diluted vith normal saline solution (Neisser and Shiga) The toxin 
vhich Conradi has obtained vith autoRsis is also identical vith tlie toxin 
above mentioned The soluble toxin consists of tv o components (1) a ne^^ e 
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toxin \\ Inch produces paralyses in the limbs and urinary bladder with severe 
hemorrhages in the cord, and (2) enteric toxin winch causes the dysenteric 
changes in the bowels (especially the ciecum) 

These toxins, obtained by diflerent methods, are qualitatively identical, 
me animal experiment shows this accurately, and we can also prove it by 
the aetion with immune serum (Todd, Rosenthal) Heating at 70° C 
for an hour has no influence upon this toxin, even its exposure to 80° C 
does not seem to destroy it entirely, although it is aftected slightly at 75° C 

The Types of Bacillus Dysenterise — It was Kiuse who first paid 
attention to the difference of serum reaction between the bacillus of Shiga- 
ICiuse and that of Flexner (Manila type) In this investigation he de- 
sciibed a so-called “pseudodysenteric baeillus” which he found in the stools 
of insane patients suffeiing from a form of dysentery and also in material 
from autopsies This organism he could not distinguish morphologically 
nor culturally from the dysenteric bacillus, but it differed in the serum 
reactions Spronck isolated an organism from patients suffering from 
dyscntenc symptoms in Utreeht This bacillus differs from the Shiga-Kiuse 
organism in the agglutination reaction, and apparently belongs to the same 
gioup as Kruse’s pseudodysentery bacillus, but its etiological significance 
IS probably established 

The committee for the investigation of B dysentence (Koch, Pfuhl, 
Schmiedecke, v Drigalski, and Jurgens) studied carefully the Shiga, Kruse, 
Flexner, and Doberitz bacilli, and found that the Flexner type differs from 
the others m its agglutination reaction with the patient’s serum Shiga,^ 
compaied the action of the immune serum on the Shiga and Kruse organism 
and found that they are identical from the agglutination and bacterieidal 
standpoints He showed, further, that there is a diffeience in receptor 
apparatus between the bacillus of Shiga-Kruse and that of Flexner When 
the immune serum is saturated with a Shiga cultuie, all the agglutins and 
pio-agglutmoids for Ki use’s organism are absorbed by the bacilli, and when 
these are removed with centrifugahzation, the serum is no longer able to 
agglutinate fresh additions of Shiga-Kruse bacilli, while its limit for the 
Flexner bacillus is only slightly changed, or mce versa This experiment 
was later confirmed by Eisenberg 

Martini and Lentz^ published an article on the differentiation of dysentery 
bacilli by means of agglutination They showed with immune sera that 
the Manila bacillus of Flexner and Strong differs from that of Shiga and 
Kruse Lentz^ eould show this differentiation also on the mannite agai 
culture The piineipal difference was that the Shiga-Kruse bacilli did 
not affect mannite (non-acid form) while the Flexner and Strong cultures 
fermented mannite (acid form) giwing nse to a distinct acid reaction in 
the medium 

Hiss and RusseF described a bacillus (B “Y”) from a case of fatal 
diarrhoea m a child, and found that this bacillus differed from the Kruse 
cultures in its ability to ferment mannite ® Hiss distinguished at least 

]|Shiga “Weitere Studien uber den Dysentenebac,” Zeitschr f Hyg , 1902 

- Jlartim and Lentz “TJeber die Differ der Ruhrbaz mittels der Affalut Zevtsch 
f Hyg , 1902 

= Lentz “Vergleich Cultur Untersuber die Ruhrba? etc , itnd , 1902 
Hiss and Russel “ Study of a Bacillus Resembling the Bacillus of Shiga,” The 
Medical News, 1903 

‘This observation vas made independently of Lentz’s work 
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three groups among the bacilli isolated from dysentery or diarihoea cases, 
cultivating these in the medium of mannite, dextrose, maltose saccharose 
and dextnn One group represented by the ^higa-Kruse culture ferment- 
ing monosaccharides only, one of the Hiss and Russel culture fermenting 
monosaccharides and mannite, and finally agioup represented by the Flex- 
ner culture fermenting monosacchaiides, mannite, maltose, saccharose, and 
dextrin 

Gay^ studied the types of dysentery bacilli in relation to the bacteriolysis 
and preventive power of seia He concluded that “the dysentery bacilli 
fall into two types, according to certain cultural and agglutinating reactions, 
but these reactions are not absolute, but relative, and serve to give the 
bacilli the characters of a closely related gioup of organisms Bacteriolytic 
differences serve to distinguish the two types of dysentery bacilli, now recog- 
nized as sharply as the other tests hitherto employed ” 

Park, Collins, and Goodwin^ divide the dysentery bacilli into three types 
(1) No production of indol, does not ferment mannite, maltose, or saccha- 
rose (Sluga bacillus), (2) ferments mannite, but does not split maltose or 
saccharose, produces indol, and, (3) produces indol and actively ferments 
mannite, also acts energetically upon puie maltose and feebly upon saccha- 
rose The occurrence of the different types of dysentery bacilli is confirmed 
by many other authors (Park and Dunham, Wollstem, Vaillard and Dopter, 
Doerr, Hetsch, Jurgens, Leiner, and others) 

From these observations it is obvious that there are many different types 
of dysentery bacilli, and each of these can be the etiological factor in dys- 
entery (Flexner, Stiong, Jurgens, Spronck, and others) As to the class- 
ification of these bacilli, Hiss^ studied this question and divided them 
according to their fermentative action upon monosaccharide (dextrose), 
disaccharides (maltose and saccharose), polysaccharide (dextrin), and the 
mannite, with which the agglutination reaction and the absorption tests 
agree The groups are divided as follows The first group ferments only 
monosaccharide (Shiga, Kruse, New Haven bacillus) The second group 
ferments monosaccharide and mannite (“Y,'' Ferra, Seal Haibor bacillus) 
The third group ferments monosaccharide, saccharose and mannite 
(Strong’s bacillus) The fourth gioup ferments monosaccharide, mannite, 
maltose, saccharose, and dextnn (Harris, Gray, Baltimore, Wollstem ba- 
cillus) In the epidemic of dysentery in Japan, 1904, we collected at 
the institute in Tokio many types of dysentery bacilli from several parts 
of Japan and studied their differences We have found a new tjqie iihich 
ferments dextrose, mannite, saccharose, maltose and dextrin as the fourth 
group of Hiss, but differs from it m returning to an alkaline reaction after 
four oi six days The agglutination test of this type showed a wide differ- 
ence from the others, so that this bacillus should be placed in a new tjqie 
The baeteriolytic as well as the agglutinative action of immune sera of our 
four tjqies diffei also from each other The classification is given m the 
following table 

^Gay “The Types ot B Dysenteriie in Relation to Bacteriolysis and Serum 
riiwapy,” etc , University of Pennsylvania Medical Bulletin, 1903 
'Park, Collins, and Goodwin “The Dysentery Bacillus Group and the Varieties,” 
journal of Medical Research, \o\ xi. No 2,1904 

Hiss “On Fermentative and Agglutinative Characters of Bacilli of the 'Djs- 
cntery Group,’ ” The Journal of MiSical Research, vol xiii. No 1, 1904 
VOL 2—50 
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It IS to be noted that the high virulent to\in action on rabbits exists 
only in the first type (Shiga t}’pe) but not in the others 

As to the relation of those five types of dysentery bacilli to the path- 
ology, symptomatology, and epidemiology, we know only a little Flexner 
and Holt^ make no difference in the clinical features of the summer diarrhoeas 
of infants caused by the mannite fermenting and non-fermenting organ- 
isms It IS important to note that the Shiga bacillus and Flexner-Harris 
bacillus (the mannite fermenting organism) often exist in the same patient 
Thus Gay and DuvaP reported 3 cases in acute adult dysentery, Hastings^ 
2 cases, and Duval and Shorei® 6 cases in the diairhoeal diseases of infancy 
It must also be mentioned that the frequency of occurrence of each type 
differs according to year, season, place, and epidemic 

Thus m the epidemic of dysentery in Tokio, 1904, we confirmed the pres- 
ence of bacilli belonging to the first type in but a few cases, but those belong- 
ing to the thud and fifth type in a large number, while a greater number 
of cases in Kobe in Japan, in Manchuna, Korea, and among the Russian 
troops in Port Arthur, was caused by the fiist type and only a few cases 
Vi ere caused by the other types (mannite fermenting bacilli) 

Infection and Epidemiology — ^The most important source of infection 
IS the individual suffeiing from dysentery The organisms occur in the stools 
in innumerable numbeis, and through carelessness the clothes of the patient 
and also other articles aie soiled and the bacilli thus earned from one person 
to another In this way we find contact infection in a large number of 
cases in every dysentery epidemic (Shiga, Kruse, Kottgeri, Wolfberg and 
others) 

Then, too, the dysentery bacilli are often earned into nvers and other 
water supplies with the dejecta and cause infection through the drmkmg- 
ivater Duprey’s ivater-borne epidemic, which occurred at Grenada Island, 
in 1901, IS the best example In a village called Momma-Mura, at Nobechi, 
in Japan, in 1900, a djsentery epidemic broke out in houses situated 
near each other It w^as proved that the w^ell, used by all the households 
suffenng from the disease, ivas infected w ith the dysentery bacillus We 
hai e also an interesting example of river-w ater infection in Japan There 
is a village called hlitake-Mura in the district Miyagi-Ken, through wdiicli 
a mer flows Fishing and swimming are prohibited in it because of fish 
breeding In the late summer of 1899, the prohibition haiung been removed, 

^ The indol reaction of this group has only a trace m 1 per cent peptone water, 
but in 2 per cent peptone water after long cultivation (five to seven days), the 
indol reaction is apparently visible 

•Studies from the Rockefeller Institute, vol ii, 1904 

^Gaj andDinal Cnitersity of Pennsylvania Medical Bulletin, 1^Q2, vol xvi 
* ^Studies from the Rockefeller Institute, vol ii, 1904 
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the men of the village were verj' glad to be allowed to fish and swim once 
more in the rn^er However, after four or five days an epidemic of dysentery 
broke out with 10 patients on the first day, and increasing numbers daily 
afterward There were in all 413 cases, of which 115 weie boys under ten 
years of age After investigation it was found that there was an epidemic 
of dysentery in a village higher up the nver, and the water had been soiled 
with the infected clothes 

The transportation and handling of milk or other kinds of foods may 
also be a cause of an epidemic of dysentery, and, indeed, sometimes a com- 
mon bath-house may be a cause of infection We had such an instance 
m ICobe in Japan It is probable that the fly has some part in the trans- 
mission of the disease It is easy to understand that a fly having settled 
on the dejecta of a dysentery patient can carry away the geims of the disease 
and deposit them diiectly upon food or even in the mouth 

As in other epidemic diseases, dysentery prevails especially among people 
who live in unhygienic sui roundings It always accompanies war In the 
Japanese-Chinese war (1894-1895) we had 10,681 patients (of whom 1157 
died, or 12 7 per cent ), the number of patients being about 10 pei cent of 
all diseases, and, indeed, 3^ times more than the wounded 
The seventy of the epidemics differs, as is shown by the mortality In 
the whole of Japan this varies every year between 22 and 26 per cent of 
cases ^ According to Kruse, ^ the mortality in Germany is 10 per cent , 
in Russia it amounts to 17 5 to 12 2 per cent (Rosenthal )® According to 
Manson,'* the mortality from dysentery among Europeans in India langes 
from 3 to 22 per cent , among the natives about 36 to 40 per cent 
Age and Season — Young men from twenty to thirty years of age very 
often suffered from dysentery, as in typhoid fever perhaps because of fie- 
quent exposure Epidemics prevail from the early summer (June or July) 
until the late autumn (October) Through winter there are only a few cases 
and in some parts of the country it disappears entirely, although only to reap- 
pear in the next year We can therefore suppose that the dysentery bacilli 
exist through the winter in the human subject, who cither seems peifcctly 
healthy, or suffers only from slight diarrhoea We really have such cases 
Ohno has found the bacillus in the stools of an apparently healthy man 
living near a household in which there was an epidemic of v inter diarrhoea 
Wollstein® found the bacillus at autopsy in 3 infants who had no s^■mp- 
toms of dysentery or summer diarrhoea, the bowels shoving only a slight 
catarrh She aptly says at the conclusion of her report ”B dysciitei io; 
may be present m the intestinal mucosa in cases of a very mild catarrhal 
inflammation of the colon, either as a terminal infection or as the remains 
of a previously active infection when clinical manifestations do not 
warrant the diagnosis of dysentery ” Conradi® found the djsentcry 
bacillus in the apparently normal dejecta of 5 healthy infants aged 
two and one-half to eleven years, vhose sisters and parents at that time 

'Shiga Dcutsch med Woch , 1901 
-Kruse Centr fur allgcm Gesiindh , 1900 
^Rosenthal Dcidscli med TFoc7i , 1904, No 19 
*Sir JIanson’s Tropical Diseases, 1903 

^IVollstein “The Dvsentery Bacillus in Relation on the Normal Intestine of In- 
fants ” Studies from the Rockefeller hisMvtc, 1904, vol ii 
'Conradi Ueber eine Contact epid von Ruhr,” etc Festsehr sum GO ten Gcburlstagc 
von R Koch, 1903 
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suffered from dysentery During an epidemic of summei diarihoea, 
Du^ al and Sliorer' succeeded in isolating a few colonies of the Flexner- 
Harns bacillus (mannite fermenting bacillus) from the stools of two 
infants iiho Mere in perfect health 

It IS interesting to knoiv hoM long after convalescence the dysentery 
bacillus exists m the stools of patients We can, a pnon, suppose that, 
as m tj-phoid, the bacillus can be found long after recovery It ivas lately 
stated by Momose in Japan that the dysentery bacillus disappears from the 
stools of convalescents after thirteen to fifteen days But there are excep- 
tions, for the bacillus may be found in the stools a month aftei "Without any 
intestinal disturbance V Drigalski reported relapses occurring at intervals 
and also instances of relapse in soldiers after their arrival in Germany from 
China Lentz reports the case of a soldier, wdio, after recovery from dysen- 
tery, left the Doberitz regiment and became the cause of a dysenteiy epi- 
demic after his return to his native village According to the results of 
investigations undertaken by Ohno vuth myself, the persistence of bacilli 
in the stools depends upon the severity of the attack, the lighter this is the 
sooner the bacilli disappear, even aftei five days, but the more severe the 
attack the longer the bacilli persist, even to the nineteenth day after con- 
valescence 

Patients either vuth no symptoms or slight ones only, and convalescents 
who have been discharged from the hospital but have dysentery bacilli in 
their stools, are often the cause of fresh epidemics m places where dysentery 
has not been for a long time 

Pathological Anatomy — The lesions of epidemic dysentery are those 
of a diphtheritic catarrh of the bowels The large bow'el is usually the seat 
of the disease, but it affects the csecum and part of the ileum not infrequently 
The dysentery bacilli remain in the folds of the intestine and multiply under 
favorable conditions, among "ndiich may be mentioned constipation and 
intestinal disturbances The mucous membrane reacts by inflammation 
which may be catairhal, hemorrhagic, or diphtheritic, according to the stage 
and grade of the process The diphtheritic infiltrated mucous membrane 
becomes necrotic, and thus ulcers are produced The elevated parts of the 
mucous membrane, the folds, are most affected, and from these the process 
spreads later to the surrounding parts The process is more severe in the 
parts vvdnch are more intensely irritated by the eontents of the bowel, as 
seen at the flexures and in the rectum 

In the beginning of the catarrhal penod of the disease, the surface of the 
mucous membrane has a grajish-red, velvet-hke appearance The mucous 
membrane becomes red and swollen in consequence of hjqierfemia and catar- 
rhal oedema Tins is succeeded in the second period by necrosis of the 
epithelium, which is noticable macroscopically by the presence of flecks, 
M'hich microscopically are nothing but the groups of epithelial cells, the 
nuclei of mIiicIi are hardly stained Gradually the necrosis proceeds in 
the deeper parts and the whole w^all of the bo-u^el no"W appears thickened 
The brniph follicles of the mucous membrane become necrotic and purulent 
and Mitli the sloughing of these as the third penod oi the disease appears, 
comes the formation of ulcers In contradistinction to the undermined ulcers 
of amoebic dysentery, vdiicli increase deep in the mucous membrane, the 
ulcers in epidemic dvsentery are accompanied usually vith only the damage 

^Studies from Rockefeller Institute, 1904, vol u. 
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of flat layers with ii regular borders The formation of the ulcers proceeds 
deep m the submucous and to the muscular layei, often lea^ mg the muscular 
layer bare The border of the ulcers is reddened, swollen, and infiltrated 

In the small intestine the mucous surface throughout may be normal, 
or more commonly the mucosa m the lower portion of the ileum is more or 
less reddened In the period of so-called “enterodysentery” the ileum 
presents m general the same reddened, hemorrhagic appearance, is covered 
with a necrotic mucous layer and oedematous swelling as in the large bov el 
The wnter observed a case in which the small intestine m as invoh cd foi 
nearly one meter above the ihocsecal valve and was entirelj ulcerated 
and diphtheritic, the wall was as thick as the colon The Peyer’s patches 
are only moderately swollen or not at all, the solitary follicles may be 
swollen, raised and hemorrhagic Osier remarked that in \eiy acute foims, 
as in children, the picture is that of an acute folhculai colitis According 
to Howland,^ the summer diarrhoea of infants in the United States is accom- 
panied anatomically with various features, either with pseudomembranous 
or follicular catarrh, supeificial necrosis, and ulceiation in the mucous 
membrane, or even only slight erosion 

The peritoneum is also inflamed, and adhesions frequently exist Ecchy- 
mosis is present on the serous membranes in severe cases If the lesions 
of the small intestine or ciecum are suitably localized the corresponding 
mesenteric glands will become swollen and show slight hyperjemia, as in 
typhoid fevei Strong remarks that the group running toward the head 
of the pancreas seems particularly likely to be involved The kidneys 
often show injection of the surface vessels and cloudy swelling The spleen 
IS not enlarged and shows no constant pathological change The liver 
generally is neither hyperiemic nor swollen 

The dysentery bacillus probably does not enter the general circulation 
That such is the case is apparent from the fact that dysentery is never com 
plicated by roseola, pneumonia, osteomyelitis, or the so-called infectious 
spleen, as in tj^ihoid fever The case ot septiccemia mentioned by Rosen- 
thal, in which he found the dysentery bacillus in the heait blood, in peii- 
cardial hemorihages, and in the spleen and mesenteric glands at autopsy 
only nine houis after death, is an exception Markwald reported an 
interesting case relating to the blood infection of the foetus The mother 
had dysentery and aborted in the sixth month The child died in a few 
hours According to the author it had lesions suggestive of the early stages 
of dysentery, and the dysentery bacillus was found in its intestinal contents 
and also in small numbers in the heart’s blood Parotitis is occasionally 
seen as a complication, but its connection vnth the dysentery bacillus is not 
clear, inasmuch as it may result from a secondary infection by other organ- 
isms present in the mouth ^ 

The pathological changes in the intestine predominate in the mucosa 
and submucosa In the catarrhal period we can obseiie microscopically 
the bloodvessels of the mucosa and submucosa dilated and filled v itli blood 
In the dilated Runpli spaces groups of leukocjies are nsible In the early 
periods the mucous membrane shovs a coagulation necrosis vntL a fibrinous 
exudate and poRmiorphous cells The submucosa is usualh ^er^ much 
thickened In certain parts of the submucosa, especially m the deeper 

^Studies froin the Rockefeller Inshhitc 1904, \oLii 

"Sliiga Dciitsch med Woehensehr, 1901, No 4S 
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la'^ers, there is a marked cell infiltration The bordeis of the ulcers are 
infiltrated and the surrounding tissue, also, shows a small cell infiltration 

Numerous bacteria are found in the inflamed mucous membrane and 
are especially numerous in the necrotic portions They are usually bacilli, 
but COCCI are also found In the deeper layers the bacilli are found m small 
numbers, but in the glands, between the gland cells, and in the glandular 
stroma, they are very numerous Cocci are not found in these loeations 
In the submucosa, and often in the musculans, thp cell infiltration is accom- 
panied by the presence of numerous bacilli Those seen in the deeper 
lajers of the intestinal wall cannot be differentiated morphologically as the 
B dysentei kb, but transplantations from these regions show the presence of 
that organism in pure culture ^ 

General Symptoms — Bacillary dysentery IS a disease usually of acute 
course The incubation period is generally two or three days, but cases are 
reported m which it was from three to eight days In a case leported by 
Lemoine, in which infection took place by the rectum from the use of a 
chamber containing dysenteric stools, the incubation was twenty-four hours 
Cases of infection in the laboratory which were observed by Flexner, Strong, 
and Kruse, showed an incubation of twenty-four to forty-eight hours 
In the epidemic caused by nver water which occurred m a village in Japan 
the incubation was in most cases from four to five days 

Dysentery begins with diarrhoea and colic At the onset the stools are 
of the ordinaiy diarrhoeal character, or contain only small quantities of 
mucus There is lack of appetite, weakness, and a feeling of pressure 
over the abdomen Abdominal pains and tenesmus soon develop As 
a rule, on the second or third day the stools become slimy and bloody in 
character, and very soon only pure mucus and blood are passed The 
stools then have a typical appeaiance and a characteristic spermic odor 
The quantity passed is small, usually only a half or one ounce In severe 
cases the stools contain pus and rarely shreds of mucous membrane When 
the bovel wall is widely affected and hjqierfemia and inflammation exist, 
the “meat-water” stools may be passed The dirty-brown stools are often 
mixed v ith gangrenous tissue 

Tenesmus is very marked, and so intense that the rectum fiequently 
becomes prolapsed and fcecal incontinence supervenes This disagreeable 
svTnptom occurs very often in infants 

The body temperatuie in severe cases rises generally to between 101° and 
102° F , not inlrequently it exceeds 104° F The mine is decreased m 
amount and tenesmus of bladder is caused 

The quantity of food ingested is diminished, the appetite often disappear- 
ing entirely The tongue is moist and somewhat coated in slight attacks 
In the gangienous oi “tjqihoid” dysentery, when the outlook is serious, 
there is a thick and diity-brown coating to the tongue, which may be dry 
In chronic dysentery the tongue seems atrophic, reddened, and bleeds 
easily Thirst is rarely present in the lighter cases, but in severe ones 
it IS usuallv marked The patient grows weak very rapidly, not only from 
the v\ ant of food, and restlessness, but also as a consequence of the action 
of the toxin of the dysentery bacilli Nausea and v^omiting are also often 
associated Wdien the patient has retching but vomits nothing there is 
usually epigastric pain 

'Shiga Deutsch med Woch , 1901, No 43 
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Tile pulse is in most cases acccleiatcd and in serious cases small and 
iiregulai The abdomen is usuallv somewhat excavated and tender on 
pressure The infiltrated intestine can be plainly felt through the abdom- 
inal wall, this giving the jiaticnt gieat pain The sensoimm is usually 
clear The patient comjilains often of headache and sleeplessness Dehi- 
luin IS present raiely and only as a terminal s'^miptom 

Death occurs in serious cases usually after two to three weeks, unless 
there is some complication to hasten it 

Thegeneial symptoms of dysentery aic due to the absorption of the toxins 
of the bacilli (endotoxin) in the body In mild cases lever and general 
indisposition arc absent, but they arc neici -failing snnptoms in serious 
cases and those of middle grade That the general simiptoms are not so 
prominent as in t'^ phoid fci er is to be ascribed to the localization of the 
lesions If lesions arc present in the upper portion of the large intestine 
or in the small intestine, larious intoxication s'^nnptoms appear, such as 
feier, headache, general malaise, musculai pains, epigastric oppression, 
sleeplessness, numbness, stupor, dcliriiini, etc If such symptoms are 
present it nas customary to speak of “D'jilioid dtseiitery ” The rapid ema- 
ciation obseiicd IS not to be cxclusnelj' ascribed to the diairhoea and inan- 
ition, but IS jiarth due to the intoxication EcchiTiioses are fiequently 
present upon the cpigastnuni, chest, oi inner surface of the uppei and lower 
extremities, and in the latei and scicrc stages of the disease 

As aboie mentioned, the intestinal lesions are piincipally located in the 
flexures of the colon This is n itliout doubt due to the fact that the mucous 
membrane in such locations is extremely susceptible to mechanical irritation 
and hence is especially suitable for the deielopment of dysenteric bacilli 
The imohement of the loner poition of the small intestine is usually 
secondary, but it is leiy probable that primary lesions in this location do 
occur As in t-^ phoid fever, the usual seat of the lesion in dysentery in the 
small intestine is the Ion er portion of the ileum The ileocmcal valve is 
frequently affected, being ulcerated and sometimes entirely destroyed 
As a rule the ciecum and ilcocrccal ^alve are extensnely diseased, the 
intestines above arc progressively less and less involved The histological 
changes in the small intestine arc entirely similar to those desciibed above 
for the large intestine hlaiiy mesenteric glands are enlarged and merely 
hyperremic, as in tj’phoid fevei Folloniiig the healing of the ulcers the 
lumen of the intestine is narrowed by cicatrization This is namely “entero- 
dysentery,”^ which is thus named in older to separate it from “colo- 
dysentery,” in which the lesions arc localized in the large intestine and 
rectum 

The symptoms of enterodysentcry are somewhat different from those of 
colodysentery In the former, tenesmus is absent and the stools are not so 
frequent, but very voluminous, mucus and blood are closely mixed with 
the stools No incontinence of faices is present Tenesmus is always a 
sign that the rectum is involved In distinction from colodysentery, in 
enterodysentcry the toxic symptoms which have been described above m 
connection with the so-called typhoid dysentery arc very prominent The 
prognosis in enterodysentcry is always seiious It is evident that the dif- 
ferentiation between entero- and colodysentery is very important on path- 
ological, clinical, therapeutic, and piognostic grounds 

' Shiga Deut med Woch , 1901 
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As already mentioned, m most instances the disease begins m the lower 
portion of the large intestine (sigmoid fle\me and rectum) and gradually 
extends upw'aid There is, howe\er, no doubt that the lesions can aiise 
primarily in a arious portions of the small and large intestine, wdien suitable 
conditions are present for the multiplication of the bacilli and inoculation 
of the intestinal w all When the primary lesion is situated in the ileum or 
upper portion of the large intestine and the process advances dowmward, 
it IS called “descending dysentery” in contradistinction to “ascending 
dysentery,” m which the reverse is the case and the primary lesion is sit- 
uated in the low^er portion of the large intestine, the process extending 
upw'ard The latter form is that usually met wuth The author has noted 
a case of descending dysentery in a nurse, wdio w'as carefully observed from 
the onset, in consequence of her presence in the hospital The low'er poition 
of the ileum and the caecum w'erc first attacked She had, therefoie, from 
the beginning a higher temperatuie and complained especially of general 
w^eakness and headache The patient w'as also restless and complained 
of sleeplessness She had pain in the umbilical region and this w^as especially 
marked on pressure in the right iliac fossa The ascending, transverse and 
descending colon w'as entirely free at the beginning Slimy stools, wath 
large amounts of blood, w'ere passed about nine times dunng the first day 
No tenesmus w'as present After a time the disease proceeded gradually 
to the low'er portion of the bow'el, from the ciecum to the colon ascendens, 
transversus and at the end to the upper part of the colon descendens, the 
progress of the disease w'as accurately proved by the pains on pressure 
Under treatment wnth calomel and serum injections, the process was stopped 
and after three wrecks she was m normal health 

Chronic Dysentery — Under this term is included the dysenteric disease 
in which the catarrhal symptoms have disappeared With the fseces are 
mixed mucus and material secreted from the areas of ulceration, and 
excreted only attached to the faeces without being mixed thiough them 
The process is veiy chionic and extensive, and w'e may have stricture of the 
bowel The condition is, m the writer’s opinion, only a subsequent disease, 
in w Inch w'e cannot find the dysenteiic bacillus or amoebae 

Summer Diarrhoea in Infants — The so-called summer diarrhoea m 
infants, wdneh prevails in the United States every summer m large cities, 
especially m the warm parts of the country, w'as studied in 1902, first by 
Duval and Basset, latei by Knox and Wollstcm They found the dysentery 
bacillus m the stools of patients In 1903 the investigation w^as undertaken 
by many w orkers under the leadership of Flexner and Holt, and it confirmed 
the wew that the majority of the cases of summer diarrhoea are caused by 
the B dysentenm — the most by acid bacilli, in a few' cases by non-acid 
bacilli (namely non-feimenting mannite bacilli) This disease is character- 
ized by much mucus and generally blood in the stools, usually wutli fever, 
wdiich IS alw ays high, and by marked general prostration We meet very 
rarely the severe acute intestinal intoxication called “cholera infantum” 
w'lth its sudden violent onset, protracted vomiting, high temperature, fre- 
quent serous discharges, great prostration, early collapse and often early 
death 

In lapan, especially in the southern parts, there are also acute infantile 
diarrhoeas, called “ekin,” in the season of dysentery epidemics Ohno 
pro\ ed in an epidemic m Tokio, that the disease w'as nothing but dysentery 
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in most cases, in which, ho-VN ever, the intoxication symptoms are x^ery serious 
and found the dysentery bacilli in the stools of the patients m 65 per 
cent The clinical features xveic almost similar to those prevailing in the 
United States 

The Course — ^The duiation of the disease is foui to eight days in the 
light cases and thice to six veeks in the serious ones According to the 
authoi’s experience the duiation, on an aveiage, was foity days under medic- 
inal treatment and tventy-fixe dajs undei serum tieatment The onset 
m the light cases is tolerably prompt, in sex ere cases, on the contrary, it 
IS rathei gradual ox ei some xx eeks In the chronic dysentery the secretion 
of matter and mucus is obstinate, and continues for a long period after the 
other sxanptoms hax e disappeared 

Relapse is seen also not inficqucntly, but in most of these cases, the dis- 
ease IS of a chronic nature and charactenzed by irregulaiity in the move- 
ments of the boxxels, oi light diarihoca xxhich becomes serious again, after 
x'arious indiscretions such as oxerexeition 

Comphcation and Sequelas — Pawhh'i occurs often m sex'ere cases, and 
also in moderate cases xxhich run a chiomc course It is usually bilateial 
and appears during the third to the fifth xxeek of the disease Unilateral 
parotitis IS rarely seen Among 436 cases of dysentery the author saw only 
S cases of parotitis ‘ The dysentery bacillus xx as nex'er found in the pus and 
tissues remox'cd Pcihaps parotitis may be caused by other bactena xx'hich 
penetrate from the mouth into the gland 

Asciics IS often seen in debilitated patients or during conyalescence, and 
is frequently combined xxith general diopst PeniomUs occuis somewhat 
often 111 the course of djscnter} Bciibcn ( Kalle) is also often obseryed as 
a comphcation in Japan The prognosis is not good 

Abscess — ^The author has seen only 2 cases dunng convalescence In 
the first the upper portion of the rectus abdominahs, and in the second case 
the gluteal region, xx as aftcctcd No one has ever obseix^ed abscess of the 
liver m bacillary dysentciy 

Inflammation of aiticulations and tendon sheatlis has occurred, which 
IS to be regarded as the general lesult of toxiemia 

Latelylxxasaki,in Japan, reported a case of mixed infection of dysentery and 
tjqihoid fex ei, from the stools of xvhicli he cultivated the bacillus of dysentery 
and also that of tjqihoid At autopsy Uqihoid ulcers xvere found at the loxver 
part of the ileum and dysenteric ulcers in the xvhole of the rectum Wood- 
xvard mentions that the same combination xvas exceedingly frequent during 
the American Civil War On the contrary, m ordinary practice this is very 
rare Eight similar cases are reported by the Eastern Asia Expedition Corps 
Because in tropical and subtropical regions both bacillary and amoebic 
dysentery are simultaneously present, we can a pnon expect mixed infec- 
tions of these diseases V Diigalski found the dysentery bacillus and also 
dysentery amoebie in the dejecta of a patient who returned to Germany 
from China 

As rare complications of dysentery Markwald reports acute conjunctivitis, 
mdocyclitis, and piostatitis 

Diagnosis — ^The diagnosis of dysentery is usually very easy, especially 
m epidemics We must regard the characteristics of the stools, colic, 
tormina, tenesmus, resistance over or swelling of the large boxvel, and pain 

^ Shiga Deutsch med Woch , 1901 
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on pressure We must remember that tenesmus is not a constant symptom 
because it exists only when the rectum is affected The diagnosis of the 
abortn e form of dysentery, w Inch occurs often in winter or in the beginmng 
of epidemics, is veiy difficult Similarly, too, the diagnosis of entero- 
dysentery, or the so-called tj’phoid dysentery, is not easy The conditions 
necessary for a definite diagnosis of dysenteiy are the positive agglutination 
reactions of the dysentery bacillus with the blood serum of the patient, 
and the isolation of the bacillus from the dejecta of the patient or from the 
oigans of the dead 

Furthermoie in the differential diagnosis attention must be paid to exclude 
carcinoma, polj'pi, and syphilis of the rectum, hemorrhoids and mercury 
poisoning Amoebic dysentery must be differentiated etiologically, clini- 
cally, and anatomically, from bacillary dysentery The following are the 
most important points in this 

1 Amoebic dysentery usually runs a chronic course 

2 In the amoebic form no dysentery bacilli can be found, except in the 
mixed infections of both amoebic and bacillary dysentery 

3 In amoebic dysentery toxic symptoms, such as high fever, general 
malaise, anorexia, rapid emaciation, or various nervous symptoms, are not 
observed 

4 In bacillary dysenteiy liver abscess is never present, it is a very fie- 
quent complication of amoebic dysentery 

5 The anatomical processes are also different According to Kartuhs 
and Kruse, the edges of the ulcers are peculiarly undermined in amoebic 
dysentery, while m bacillary dysentery this is never the case and the ulcers 
are situated on the surface of the folds of the mucous membrane 

Bactenological Diagnosis — In the bactenological diagnosis the aggluti- 
nation of dysenteiy bacilli with the blood serum of the patient, and tlie 
isolation of the bacillus from the dejecta, are required, with the following 
methods 

1 In general, a positive agglutination reaction is first present in dysentery 
dunng the second or third week of the disease, and dunng convalescence 
reaches its highest point, then giadually subsiding in intensity ^ Occasion- 
allv it appears for the first time at the end of the sixth week This reaction, 
howe\er, is of little value in the diagnosis of dysentery, as so often it is first 
present too late and it is not constant The reaction is usually also weaker 
than in typhoid fever When the reaction occurs in a dilution of 1 to 20, it 
must be regarded as positive Usually the reaetion occurs in 1 to 20 to 50 
dilution Occasionally in mild dysentery the reaction is negati\e (1 to 10) 
The higher reaction, however, occurs not rarely (Shiga, Kruse, Rosenthal 
and others) According to Kruse, the reaction in dysentery is higher and 
in one case was positive at 1 to 1,000 dilution * It seems to me that the 
reaction is usually higher in the infections caused by +he mannite fermenting 
bacilli than in those caused by the bacillus of type I ® 

^ Shiga Deuisch med Woch , 1901 

^It must not be forgotten that the agglutinating power of a bacillus vanes 
according to its race and the media upon vhich it is grown Furthermore it must 
be mentioned that the maximum limit of agglutination \ aries according to the 
technique emploj ed and the individual judgment of the observer 

^In some cases caused by the bacilli of type IV, Ohno found a high agglutina- 
tion aboi e 1 to 3,000 Duval reported also some similar cases caused by the so- 
called Duval bacillus 
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The problem of the reaction m dysenteiy is not simple, beeause there are 
many tj'jies of dysenteiy bacilli, each of which can be highly agglutinated 
only by its own blood seium, even among the mannite fermenting types 
The reaction can be also more or less used in estimating the prognosis of 
dysentery According to my OMn obseiwation, tvo prognostic facts may 
be deduced (1) If the agglutination reaction quickly increases in intensity 
the prognosis is favorable (2) The prognosis is unfavorable or doubtful 
(unless the disease is a ery chronic) if the intensity of the agglutination reac- 
tion does not increase, or, if at all, but slightly ^ 

2 Isolation of dysenteiy bacilli from the stools is only of limited applica- 
tion, because it is rarely successful in mild cases and during the first days 
of the disease If, hov e\ er, the localization of the process is in the lower 
portion of the large intestine, the B dyscnteria: is present eaily in the stools, 
and IS more easily isolated than the tjqihoid bacillus in tj’phoid fever The 
d'^sentery bacilli are especially numerous in slimy dejecta mixed with fresh 
blood For the isolation of djsentery bacilli from the stools it is best to 
take up first some sluny fleclvs, and after a short washing in sterilized water 
to put the material directly into the culture medium, as follov s 

1 Superficial smeanng upon the agar plate with a right-angled bent 
glass rod Dngalski), or the glass stopper of a glass bottle (Ohno), both 
sterilized 

2 The superficial smearing upon v Dngalski ’s litmus-lactose-agar^ or 
Endo’s fuchsin agar ^ 

The colonics of dysentery bacilli on the agar plates are smaller, lighter 
in color and more transparent than those of colon bacilli The colonies 
on theDngalslu’s plate can be examined m sixteen hours The colon bacillus 
and the group of saprophjdes make the medium acid by the decomposing 
of lactose, and the colonies become red in color in its neighborhood, while 
the dysentery bacillus causes no change in color because of not decomposing 
lactose The colony of the latter is round, with shaip contours, almost as 
clearly transparent as dew-drops and about 1 mm in diameter On Endo’s 
medium the dysentery bacillus makes a colorless oi only light-red thin colony 
vhile that of the colon bacillus seems thick and deep-red The further 
examination of the colonies proceeds with the agglutination phenomenon 
done by the hanging drop examination of slight dilutions of dysentery 
serum (most conveniently done with rabbit serum of high agglutination 
power) When this proves positive, the glucose agar culture and cultiva- 
tion in milk aie done If no gas is produced and the milk is not coagulated, 
while the bacillus has no mobility, then the microorganism may be regarded 
as B dyscnteria: But to know the type of bacillus it is necessary to test 
the fermentation upon caibohydrates and the agglutination phenomenon 
wuth specific sera of every type 

Prognosis — In the consideration of this, the localization of the lesions 
in the intestines must be known If they are limited to the sigmoid flexure 
or rectum the prognosis is favorable, but if the transverse and ascending 
colon or the small intestine is involved the prognosis must be given very 

‘ Shiga Deutsch med Wfich , 1901 

Dngalski and Conradi Zeitschr f Hyg n Inject Kr , Bd 39, 1902, Lentz, 
“Dysentene” Kolle and Wassermann’s Handbucli der path , Microorg 

^Endo Ueber ein Verfahren zum Nachweis der Typhusbac Centr f Bact , 1903, 
Bd 35, No 1 
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cautiously In short, the higher the lesions are situated in the intestine 
the more marked are the intoMcation sjmptoms and the more unfavorable 
IS the prognosis For tins reason the first piinciple in the treatment of the 
disease is to limit the upward extension of the process as far as possible 
Nenous s'VTnptoms and other toxic manifestations set in when the upper 
portion of the large intestine or the small intestine becomes invoh ed They 
constitute a very unfavorable sign, and patients shoving them usually die 
As legards sex, the mortality among females is larger than among males, 
as the following fable shovs 


LOCATION 


FE^IALE 

Number of 
cases 

Mortality 

Number of 
cases 

Mortality 

Province Niegata (1S97) 

4312 

21 5% 

2302 

22 3% 

“ Shizuoka (1899) 

Tokio City Hospital (1900- 

1319 

23 2% 

1141 

25 3% 

1904) 

931 

IS 4% 

708 

26 8% 


It IS remarkable that adults of twenty to thirty years of age are most often 
affeeted with dysentery In infants under the age of five yeais and adults 
above fifty years the prognosis is unfavorable The moitahtyof epidemic dys- 
entery IS small in the beginning of the epidemic (May, June, and July), and 
inci eases giadually, reaching the maximum at the end of the epidemic (m 
November and December) In winter ve have a highei mortality caused 
by the influence of the season upon the disease and from the chronic couise 

Treatment — The treatment of dysentery involves (1) Keeping the 
patients absolutely at rest and having them warmly covered, (2) inhibiting 
the stimulating factor m the intestine, (3) attending carefully to the diet, 
and (4) proceeding with the etiological treatment 

The diagnosis of dysentery being established, the patient should at once 
be sent to bed This of itself has a marked influence on the bowel Repose 
must be as nearly comjilete as possible Besides, it is necessaiy to cover 
the patient warmly, and a woolen abdominal bandage is advisable 

The indication of rest we further endeavoi to meet by stopping all solid 
food The d et should be taken in small quantities at a time — a little every 
tv o or three hours The tongue is a fair index to the sort of food most likely 
to suit the patient When this is coated, indicating gastnc catarrh, small 
quantities of thin chicken broth, egg albumin, thin barley or nee water 
aie taken bettei than milk, vhen the tongue is or has become clean, then 
milk — pure, diluted vith barley or rice ivater, or peptonized — is the best 
diet In Japan v^e are accustomed to give nee gruel, eggs and fish (the 
so-called “sashimi”) Alcoholic liquors are not recommended in dysen- 
tery, but in case of collapse a small quantity of vdiite wine may be given 
vith advantage The food must be given neither hot nor cold, as food 
vhen either too hot or too cold is apt to excite peristalsis and cause colic 
and straining 

Most authors are agreed that calomel has the best effect in the beginning 
of the disease The vriter uses it to clear out the bowels and remove the 
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infectious material, in older to liindei the e\tension of the disease upward, 
0 5 to 0 S gm (8 to 12 gr ) of calomel may be given once or twice, or 10 to 20 
(5 nj to ^) of castor oil, which is to be given but once In other cases 
one can give 0 5 gm calomel, and after an inteival of one or two hours, 10 
to 15 cc of castoi oil Plehn* lecommends giving the castoi oil (15 cc [3ss]) 
first, and beginning the next morning, hourly, for ti\elve hours, a tablet 
containing 0 03 gm (gr of calomel and 0 36 gm (gi vj) of calomel in all 
The same is done during the next tv o days, being omitted in the night 
In addition, the patient is ordered simple acid lemonade or taitanc acid 
lemonade oi alkaline waters Enemata ot 1 per cent saline oi soda solution 
are also reeommcnded to remove the stimulating and infectious contents 
of the bowel and to assist the legeneration process in the mucous mem- 
brane By the use of enemata tenesmus is diminished and the patient feels 
the disease less distui bing Enemata of silver nitrate, tannin or quinine solu- 

tions and the like are not lecommendcd in acute dysentery The experiment 
of Berther is to be noted He used enemata of methylene blue solution both 
in tropical and bacillaij'^ dysentery v ith good results According to Berther, 
the efect of methjdcne blue is based upon the folloving points (1) Its 
bactericidal action is not absolute, but it diminishes the niulence exceed- 
ingly (2) It decreases reflex action by its analgesic effect, and excites the 
secretion of bile remarkably, vhich acts as a disinfectant and the secretion 
of which IS very much diminished in dysentery (3) Vomiting is also influ- 
enced favorably by giving the remedy internally This remedy may be 
given as iriigations (^ to 1 liter with 0 1 to 0 2 gm of methylene blue) 
These are conveniently given after a movement with the patient in the knee 
chest position Internally we gne doses of 0 1 to 0 2 gm According to 
Berther, there are no ill effects found in using it 
For the tenesmus, suppositoiies of cocaine, opium, or extract of bella- 
donna may be used For the hemorrhage from the bowels, an ice-bag is 
applied over the abdomen, and opium is given internally The patient 
must be absolutely at rest Injections of ice-water or of 0 1 per cent ferric 
chloride solution aie recommended Foi collapse the subcutaneous 
injection of physiological saline solution is effective 

Other so-called dysentery remedies, winch are well known and used 
generally, such as ipecacuanha, pomegranate bark, antidysentenc pills, and 
others, are entirely ineffective, certainly they aie superfluous lemedies in 
the treatment of bacillary dysenteiy Ipecacuanha, which has been found 
so servicable m India, Africa, Brazil, and elsewheie, and is iccommended 
even now by many writers, has a very poor place as a dysenteric remedy 
Ipecacuanha sine emetma is, generally sjieakmg, unsatisfactory too The 
astnngents are also unsuitable in the stage of inflammation 

Treatment of Chrome Dysentery — ^The chronic form is to be consid- 
ered rather as a subsequent disease, because in this stage the dysentery 
bacillus has disappeared for some time from the stools and only mucus or 
pus IS passed This form of dysentery is very obstinate and lecovery is 
difficult We can try seveial lemedies by enemata, as silver nitrate (in 
dilution of 1 to 500 to 1,000), tannin ( 25 to 5 per cent solution), thymol 
(1 to 500 to 1,000 dilution), resorcin (1 to 2 per cent ), creohn (1 to 2 per 
cent ), lysol (1 per cent ), and the like In some cases the author has tried 
enemata with gum Arabic mixed with bismuth, gallate of bismuth, or lodo- 

iPlehn Deutschmed Woch 1901, No 39 
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form rMth better results (mucilage of acacia and ’\^ater aa 50 cc , bismuth 
subnitrate or gallate 5 gm , or iodoform 0 5 gm ) As an internal remedy 
v> e often order salol, tanmgen, etc 

Serum Treatment — Immitmzah07i o} Hoises against the Dysentery 
Bacillus — ^An agar culture of the dysentery bacillus which has been maui- 
tained at incubator temperature for twenty-tour hours is emulsified m 
normal saline solution and heated at 60° C for half an hour Ga)'^ prefers 
instead of heat, the use of a 0 5 per cent mixtuie of tricresol with glycerine 
This mixture is then inoculated subcutaneously into lioises m the usual 
manner, beginning with small doses, which are giadually increased in amount 
For immunization the bacillus must ba virulent, and the same rule seems to 
exist as IS reported by some writers in the immunization for streptococcus, 
namely, that the bacillus isolated directly from the patient is moie viiiilent 
and eftective in the preparat'on of serum than the bacillus obtained aftei pas- 
sage through animals The author therefore alwaj^s presences the direct 
stick agar culture of the first generation isolated from the stools for immuni- 
zation The bacillus kept thus in the ice chest lives for two or three months 

Animal Determination of Dysentery Serum — For the estimation of 
the effective power of dysenteiy serum, mice are well fitted and convenient 
to use Five times the lethal dose of a dysentery bacillus culture (0 4 mgr 
normal loop) is mixed with several doses of the serum and injected into 
the peritoneal cavity of the animal Our dysentery seium contains more 
than 40 I E ^ Todd and Rosenthal produced an antitoxic serum of a \ery 
high value, having immunized the horse with the toxin of a bouillon culture 
of the dysentery b^acillus It is very interesting that the serum of the horse 
immunized by young bacilli has a high antitoxic power also, this serum 
protects the animal both against lethal doses of the toxin, and against the 
infection of the bacillus as nell 

Practical Serum Treatment — The dysentery serum is bactericidal as well 
as antitoxic (Todd, Rosenthal, Kiaus) The treatment with this serum, theie- 
fore, has much more effect on dysentery than a serum in the case of tj’phoid 
fever Moreover, the localization of the disease gives much more prospect 
for treatment In dysentery the lesions are usually localized m the rectum 
and lower portion of the large intestine, the physiological function of which 
is pnncipally mechanical, and where the absorption of food does not take 
place as in the small intestine The toxic sjmptoms aie intimately connected 
with this localization, against which bactericidal seium is valueless Such 
sjTuptoms in dysentery are happily less prominent than in ti^hoid fever 
This conception also accounts for the very unfavorable prognosis in entero- 
dysentery It is already reported that there is a fitted complement in 
the human body foi the dysentery serum ^ This is advantageous for the 
use of a dysentery serum of bactericidal nature The dysentery serum is 
therefore the first need in the treatment as a bactericidal agent, which satisfies 
nell the conditions laid down by Ehrlich in the Croonian lecture, 1900 

In accordance with my researches, I have formulated the following rules 
for the administration of dj senteric serum in the Institute for the Research 
of Infectious Diseases in Tokio 

^ That is 0 0025 cc of serum protects the mice from the infection of five times a 
lethal dose If the prophjdactic value of the serum is 0 1 cc for five times the 
lethal dose of a dj'sentery culture to mice, then we say that the serum has 1 1 E 

^ Shiga Zeitschr f Hyg , 1902 
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1 In mild cases tlic serum is injected once m a dose of 10 cc 

2 In cases of medium seventy the serum is twice injected m doses of 
10 cc The interval is from six to ten houis 

3 In severe cases the largest amounts of serum are injected (about 40 
to 60 cc ) but the daily dose does not exceed 20 cc 

By serum treatment the disease m its first stages is quickly cured or mark- 
edly ameliorated In one or tw'o days after the injection, the process is 
affected, the blood and mucus disappeai, pain and tenesmus cease, and 
the patient seems entirely ivell On the latei use of the seium (at the end 
of the first w’eek) improvement of all sjTnptoms occurs on the next day after 
the injection The number of stools is markedly diminished, and the tormina 
and tenesmus decrease After a feiv days, remarkable improvement is 
to be seen The blood in the stools diminishes or entirely vanishes, the 
appetite increases, and the general condition is much improved The recov- 
ery happens usually after a iveek The effect of the serum upon the fever 
IS very striking, the fever may be low'ered even below^ normal on the next 
mormng after injection m the majoiity of cases (Shiga, Kruse, Rosenthal) 
In the ulcerative stage the action of the serum is not so pronounced as in the 
earlier stages, nevertheless healing of the ulcers ivith cicatrization often 
takes place In such cases, however, the fever is reduced, the number of 
stools IS markedly dimimshed, the general condition is improved, and the 
appetite increases Eien in this stage the results obtained are far better 
than those gnen by any other method of treatment 

By the serum treatment, the course of the disease is shortened m those 
w^ho recover, and lengthened in those ivho othenvise ivould die Of the 
510 cases treated by the ivriter (29S ivith serum and 212 wuth drugs) the 
entire course w^as on the average as follow's 

Recovered Died 

Serum treatment 25 days 16 days 

Medical treatment 40 days 11 days 

The mortality of dysentery under the use of the serum w^as reduced to 
one-third, at least less than one-half from that obtained by medical treat- 
ment (from 22 to 26 per cent to 9 to 12 per cent ) Kiuse obtained the same 
results m the few^ patients treated In Russia Rosenthal has only had 8 
deaths among 157 cases (5 1 per cent mortality) under serum treatment, 
w'hile the mortality m Moscow is betw'een 12 and 17 5 per cent ■without 
serum treatment 

Polyvalent Dysentenc Serum — ^Practically a polyvalent serum po-u'erful 
against all types of dysenteric bacilli is highly recommended The author 
succeeded in preparing a serum of this kind by alternate immunization of 
horses with the three types of dysenteric bacilli, — namely the 1st, 2nd and 
4th types Since 1906 he has attained much better results through the use 
of this serum 

Prophylaxis — We have already mentioned, m the section on epidem- 
iology, that dysentery bacilli may be carried by flies and the possibility of 
infection through dnnking and also nver water We have also described 
the existence of the bacillus in the dejecta of convalescents or after recovery 
Prophylaxis must be based upon the knowledge of all these points Here 
we describe only the protective inoculation 

The author performed active immunization upon himself m 1898 But as 
a result, it was known to me very soon after that the method is not applicable 
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generally, because the inoculation of the dead bacilli causes senous inflam- 
mation and also general disturbance After repeated investigation the 
author came finally to the so-called simultaneous method, in which both 
the dead bacillus emulsion (heated at 60° C for thirty minutes) and specific 
i mm une serum are simultaneous!)' injected ^ The animal experiments 
showed that in fact after one injection of the material, active immunity was 
procured, guinea-pigs being thus protected against three times the lethal 
doses for at least three weeks The simultaneous immunization upon 
human individuals is also accompanied with only a slight reaction, and is 
performed as follows taking the whole quantity of the bacilli from an agar 
slant culture after twenty-four hours, mixed with 10 cc sterile normal 
saline solution and heated at 60° C for half an hour, we mix it with the same 
quantity (10 cc ) of immune serum The mixture thus obtained is used 
for the first injection Five days later the second mixture, containing the 
bacillus emulsion and serum in the ratio of 4 to 1, is injected The doses 
for certain ages are as follows 

6 to 15 years 0 4 to 0 8 cc 

16 to 50 years 0 8 to 1 0 cc 

50 years and over 0 6 to 0 8 cc 

In the blood serum of individuals thus treated the presence of the pro- 
tective body was proved after twenty days, and even aftei thirty days in 
the animal experiment In the years 1898-1900 the author tned preventive 
inoculation in this manner on about 10,000 men in the distnct of Japan 
where epidemic dysentery prevails most senously, and was able to diminish 
the mortality m the distnct from 20 to 30 per cent to about zero 

By protective inoculation the mortality has decreased but not been entirely 
abolished Considering the fact that local immunity has a better result in 
the protection of the intestinal infectious diseases, the author made experi- 
ments in applying the heated emulsion to rabbits per os to protect them from 
the disease These experiments showed that this diiect immunity of the 
mucous membrane of the bowels is the best for the purpose Thus we have 
reason to prefer this to inoculation, because the author’s method does not 
cause any illness and at the same time is a more convenient way of appli- 
cation 

The only disadvantage of preventive inoculation is that we can obtain the 
immunity only after an interval of eight days after inoculation, while the 
duration of the immunity is only about two months Therefore the 
author recommends the injection of immune serum in small quantity (5 to 
8 cc ), if we require to get the protective power quickly in case of family 
epidemics 

'Shiga “Ueber Versuche zur Schutzimpfung gegen die Ruhr Deutsch med 
Woch , 1903, No 18 
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action of, 58 
m diphthena, 430 

administration of, 435 
dosage of, 435 
mjunous effects of, 448 
rashes from, 448 
origin of, 54 
standard of, 58 
Anti-typhoid inoculation, 207 
Aortic endocarditis m acute rheumatism, 
688 

Aphasia m typhoid fei er, 158 
Apical pneumonia, 584 
Appendicitis, diagnosis of, from acute 
rheumatism, 704 
typhoid fe\ er and, 182 
Arteries in typhoid fever, 95 
Arteriosclerosis and lobar pneumonia, 550 
typhoid feier and, 150 
Artentis in typhoid feier, 146 
Arthralgia from diphthena antitoxin, 448 
Arthritis in bacillarj dysentery, 793 

deformans, diagnosis of, from acute 
rheumatism, 705 
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Arthritis m epidemic cerebrospinal men- 
ingitis, 514 
in er} sipelas, 530 

gonococcal, diagnosis of, from acute 
rheumatism, 704, 705 
Injmophihc, diagnosis of, from acute 
rheumatism, 706 
in lobar pneumonia, 618 
in measles, 381, 387 
in mumps, 467 
in scarlet fc\ er, 353 

diagnosis of, from acute 
rheumatism, 706 
in smallpox, 292 

tuberculous, diagnosis of, from acute 
rheumatism, 704 
in typhoid fe^er, 169 
Articular rheumatism, 692 
Ascites in bacillarj' d 3 'senten^, 793 
Asiatic cholera, 714 See Cholera, Asiatic 
Asthenic pneumonia, 583 
Atrophj of In er, acute yello■^^ , m tjphoid 
fe^er, 100 

optic nerve, in typhoid fever, 160 


B 

Babinski’s reflex in epidemic cerebro- 
spinal meningitis, 510 
Bacillary dj sentery, 781 See Dysentery, 
bacillary 

Bacilluria in typhoid fever, 162 
Bacillus botuhnus, 651 
coll, 653 

diphtheria}, 402, 421, 652, 655 
dysentenfe, 782 

agglutination of, 794 
animal, experiments -uith, in,783 
in blood, 789 

cultural characteristics of, 782, 
795 

isolation of, from faces, 795 
morphologj' of, 782 
persistence of, in faces, 788 
toxin of, 783 
types of, 784 
icteroides, 741 
of influenza, 472 
mallei, 653 • 

pestis bubonica}, 761 
in blood, 770 
pj'ocj^aneus, 651, 654 
infections, 658 
tetani, 651, 652 
tuberculosis, 652 
tjphosus, 70, 89, 653 

agglutination of, 187 

dried blood method, 189 
macroscopic method, 188 
microscopic method, 189 
in blood, 90 

isolation of, from blood, 186 


Bacillus typhosus, isolation of, from 
faces, 186 

from rose spots, 186 
from spinal fluid, 187 
from spleen, 187 
from urine, 186 
local infection with, 103 
terminal infection with, 103 
Backache m smallpox, 277 
Bacteria, pathogenic, 19 
association of, 33 
m blood, 31, 32 
dissemination of, in body, 30 
elimination of, 31 
in healthy individuals, 21 
in internal organs, 21 
latency of, 31 

Bacterial infections, typhoid fever and, 
182 

poisons, 650 
toxins, 36 

BactencidEil substances, 38 
Bactenogenic poisons, 42 
Bactenological examination of blood, 
technique of, 660 
■value of, 659 
Bactenolysis, 39, 59 
Bactenolytic amboceptors, 59 
Bactenoproteins, 37, 45 
Basic meningitis, postenor, 521 See 
Meningitis, postenor basic 
Baths in scarlet fev er, 367 
in typhoid fever, 213 
Bed-sores in lobar pneumonia, 620 
in smallpox, 291 
in typhoid fever, 118 

treatment of, 227 
Beer, typhoid infection from, 87 
Beriberi and bacillar}’- dysentery, 793 
Bile passages in typhoid fever, 100 
Bilious pneumonia, 613 
“Black” measles, 379 
Bladder in Asiatic cholera, 727 

hemorrhage of, in typhoid fever, 101 
Blepharitis in measles, 384 
Blepharospasm in measles, 384 
Blindness in epidemic cerebrospinal men- 
ingitis, 507, 513 
in whooping-cough, 458 
Blood m acute rheumatism, 691 
bacillus typhosus in, 90 
bactenological examination of, tech- 
nique of, 660 
V alue of, 659 
in diphtheria, 417 

m epidemic cerebrospinal meningitis, 
508 

in infections, 668 
in influenza, 481 

isolation of t} phoid bacilli from, 186 
m lobar pneumonia, 580 
-making organs, in infections, 46 
in measles, 383 
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Blood m mumps, 467 

pathogenic bacteria in, 31, 32 
in plague, 770 

in posterior basic meningitis, 523 
pressure m typhoid fever, 146 
in rubella, 396 
m scarlet fever, 352 
in typhoid fev er, 14S 
in typhus fever, 238 
in whooping-cough, 456 
Boils in smallpov., 290 

in tj'phoid fev'er, IIS 

treatment of, 227 
Bone-marrow in diphthern,, 409 
in scarlet fev er, 344 
in smallpox, 2G7, 2S9 
in typhoid fever, 102 
Brad 3 'cardia in tjTihoid fev^er, 144 
Brain, abscess of, in typhoid fever, 
93 

in epidemic cerebrospinal meningitis, 
500, 507 

hemorrhage of, in typhoid fev er, 
93 

softemng of, in typhoid fever, 93 
Brand treatment m typhoid fever, 213 
Break-bone fever, 489 See Dengue 
Bronchiectasis in w hooping-cough, 457 
Bronchitis in acute rheumatism, 700 
in influenza, 473, 475 
in lobar pneumonia, 599 
in measles, 377, 385 
treatment of, 393 
in mumps, 466 
in smallpox, 291 
in typhoid fever, 106, 140 
in whooping-cough, 457 
Bronchopneumonia in diphtheria, 406, 
415 

m erysipelas, 530 
in influenza, 473, 476 
m measles, 385 

treatment of, 393 
in mumps, 467 
m scarlet fever, 353 
m smallpox, 291 
in typhoid fever, 94, 141 
in whooping-cough, 457 
Buboes, climatic, magnosis of, from 
plague, 778 

in plague, development of, 767 
frequency of, 766 
location of, 766 
primary, 764 
proper, 764 
secondary, 765 
tertiary, 766 

venereal, diagnosis of from plague, 
778 

Bubonic plague, bacillus of, 658 
symptoms of, 775 

Bulbar paralysis in typhoid fever, 158 
Butter, typhoid infection from, 86 


0 

Caudiovascuxah lesions and lobar pneu- 
monia, 550 

Catarrhal conjunctivitis in typhoid fever, 
160 

Catatonia in smallpox, 277 
Cellulitis in scarlet fever, 353 
Central pneumonia, 584 
Cerebral abscess in tj'phoid fevmr, 158 
diplegia in wdiooping-cough, 458 
embolism in typnoid fever, 158 
hemorrhage in typhoid fever, 158 
in whooping-cough, 458 
rheumatism, 697 

thrombosis in typhoid fever, 158 
Cerebrospinal fever, 496 Sec Cerebro- 
spinal meningitis, epidemic 
diagnosis of, from typhoid fev er, 
194 

meningitis, epidemic, 496 
age m, 515 
arthritis in, 514 
Babinski’s reflex in, 510 
blindness in, 507, 513 
blood in, 508 
brain in, 500, 507 
classification of, 502 
complications of, 513 
conjunctivitis in, 508 
contagion of, 497 
convulsions in, 509 
coryza m, 507 
cytology of spinal fluid in, 
512 

deafness m, 508 
definition of, 496 
delirium in, 503 
diagnosis of, 516 

from influenza, 516 
from otitis media, 516 
from tuberculous men- 
ingitis, 516 

from typhoid fever, 
516 

from typhus fever, 242 
ear m, 508, 513 
epidemics of, character of, 
497 

eruptions m, 506 
etiology of, 498 
eyes in, 507, 513 
facial paresis in, 511 
fever m, 503, 505 
forms of, 502 
ganglia in, 501 
headache in, 503 
herpes in, 506 
history of, 496 
hydrocephalus m, 514 
hyper-esthesia m, 511 
keratitis in, 508 
Kemig’s sign in, 509 
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Cerebrospinal meningitis, epidemic, 
leukocs tosis m, SOS 
lobar pneumonia m, 514 
lumbar puncture m, 512, 
518 

indications for, 518 
lung m, 502 
Mace^\an’s sign m, 511 
morbid anatomy of, 500 
meninges, 500 
mortality of, 515 
ne^^es m, 501 
nose m, 507 
occurrence of, 515 
onset of, 504 
opisthotonos in, 507 
otitis media m, 508, 513 
pencarditis in, 513 
poljmria m, 509 
posterior basic, 504, 521 
pulse m, 506 
reflexes in, 511 
respiration m, 506 
rigidity of neck m, 511 
skin m, 502, 506 
spinal cord m, 500 
spleen m, 502 
stupor in, 503, 507 
S 3 TOptoms of, 502 
tache cerilbrale in, 511 
throat in, 507 
treatment of, 517 
of feier, 520 
of nutrition, 520 
■\crtigo in, 503 
■\omiting m, 503 

Cen ical adenitis m diphtheria, 415 
m scarlet feier, 350 
Cheese, t 3 phoid infection from, 86 
Chickenpox, 329 

diagnosis of, 332 

from scarlet feier, 359 
from smallpox, 294 
etiolog 3 of, 329 
eruption of, 331 
histor 3 ^ of, 329 
incubation in, 331 
patholog 3 ’' of, 330 
prognosis of, 332 
S3mptoms of, 331 
treatment of, 332 
Chills in smallpox, 277 
m t 3 phoid feier, 114 
Chm-cougn, 452 See Whooping-cough 
Cholec 3 stitis m typhoid fever, 100, 137 
treatment of, 224 
Cholera, Asiatic, 714 

albuminuria m, 730 
antitoxin and i accmation in, 726 
bactenolog 3 ' of, 718 
bladder m, 727 
complications of, 730 
diagnosis of, 734 


Cholera, Asiatic, disinfection m, 735 

epidemics of, combating of, 732 

epidemiology of, 714 

er 3 ’^thema annulare m, 730 

etiolog 3 " of, 714 

facies cholerica m, 729 

history of, 714 

immunity to, 725 

incubation of, 728 

intestines m, 727 

kidne 3 's in, 727 

pathological anatom 3 ’- of, 726 

Pfeiffer’s reaction in, 725 

prognosis of, 735 

prophylaxis of, 732 

roseola papulosa m, 730 

sequeloj of, 730 

skin in, 729, 730 

spleen m, 728 

stomach m, 727 

stools m, 729 

B 3 'mptoms of, 728 

cholera diarrhoea, 728 
cholerine, 728 
infection without definite 
symptoms, 728 
pronounced cholera, 728 
stadium comatosum, 728 
reactioms, 730 

transmission of, by insects, 
723 

treatment of, 731 
lomiting in, 729 
toxins, 724 
typhoid, 731 
vibno, 718 

agar cultures of, 719 
agglutination of, 726 
cultural characteristics of, 718 
detection of, in foices, 734 
development of, m food, 722 
m water, 721 

duration of life m cadaaers, 721 
m ground, 721 
m intestine, 720 
gelatine cultures of, 719 
grovth of, acceleration of, 719 
m healthy persons, 720 
influence of temperature on, 720 
life of, m dejecta, 720 
morphology of, 718 
pathogenicity of, 724 
peptone preliminary culture of, 
735 

resistance of, to chemical and 
physical influence, 723 
resistant forms of, 720 
Cholerine, 728 

Chorea and acute rheumatism, 695 
m hooping-cough, 457 
Choroiditis m ty phoid fever, 160 
Cicatrization of ulcers m typhoid fever, 97 
Circulation m typhoid fever, 198 
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CircuHtorj 53 stem in acute rheumatism, 
CSC 

111 lobar pneumonia, treatment 
of, G43 

in plague, 76S 
in t3plioid feacr, 94 

Cirrhosis, hepatic, and lobar pneumonia, 
550 

Climatic buboes, diagnosis of, from 
plague, 778 

Clothing, t-sphoid infection fiom, 88 
Cohc in bacillar3 d3 senter3 , 790 
Colitis m lobar pneumonia, GOG 
Colod} senter3 , 791 
Colon t3'^phoid feaer, 178 
Coma in influenra, 478 

m lobar pneumonia, GIG 
Complement, 61 
deauation of, G2 
Confluent smallpox, 283 
Congenital measles, 375 
pneumonia, 587 

S3>’philis, diagnosis of, from acute 
rheumatism, 704 
t 3 'phoid fea er, 177 

Congestion, In postatic, m t} phoid fe\ er, 
141 

of lungs m measles, 386 
in mumps, 467 
Conjunctnal infection, 25 
Conjunctmtis in acute rheumatism, 
703 

catarrhal, in t3'plioid fever, 160 
diphtheritic, 414 

in epidemic cerebrospinal meningitis, 
508 

in influenra, 483 
m scarlet fever, 351 
m smallpox, 291 
Constipation in dengue, 493 
in influenza, 480 
m typhoid fe^ er, 122 

treatment of, 221 

Comoilsions in epidemic cerebrospinal 
meningitis, 509 
in typhoid fei er, 105, 158 
in whooping-cough, 458 
Coryza in epidemic cerebrospinal menin- 
gitis, 507 
in influenza, 475 
in measles, 377, 385 
in mumps, 466 
in typhoid fever, 139 
Cough in lobar pneumonia, 573 
Cowpox, 301 

Croup, membranous, 411 See Diph- 
thena, laryngeal 

Croupous pneumonia, 537 iSee Pneu- 
monia, lobar 

Cutaneous diphtheria, 413 
Cyanosis in diphtheria, 412 
C3'stitis m typhoid fever, 101, 164 
Cytoryctes variolie, 256 


D 

Dandy fea er, 489 Sec Dengue 
Deafness in epidemic cerebrospinal men- 
ingitis, 508 
m typhoid fever, IGO 
in typhus fever, 238 

Delirium in epidemic cerebrospinal men- 
ingitis, 503 
m er3'sipelas, 529 
in influenza, 478 
in lobar pneumonia, 566 
in smallpox, 276, 287 
tremens in er} sipelas, 529 
in lobar pneumonia, 566 
in t} phoid feier, treatment of, 219 
in t3'^phus fever, 237 
Dengue, 489 

anoiexia m, 492 
complications of, 494 
constipation in, 493 
definition of, 489 
desquamation in, 493 
diagnosis of, 494 

from influenza, 485, 494 
from malarial fever, 494 
from 3'ellow fever, 494, 753 
diarrhaa m, 493 
eruptions in, 492 
etiology of, 490 

exciting causes, 490 
predisposing causes, 490 
hemorrhages in, 493 
history of, 489 
immunity from, 493 
pathological anatomy of, 491 
prognosis of, 495 
sequela; of, 494 
s}mptoms of, 491 
s3'nonyms of, 489 
temperature in, 492 
treatment of, 495 
diet, 495 
external, 495 
medical, 495 
prophylactic, 495 
urine in, 493 

Desquamation in scarlet fever, 353 
Deviation of complements, 62 
Diabetes and lobar pneumonia, 550 
Diarrhoea in acute rheumatism, 701 
in bacillar}’- dysentery, 790 
cholera, 728 
in dengue, 493 
in influenza, 480 
in lobar pneumonia, 606 
in measles, 385 

treatment of, 393 
summer, of infants, 792 
in typhoid fever, 106, 122 
treatment of, 221 
in whooping-cough, 457 
Dia„o reaction in measles, 384 
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Diazo reaction in typhoid fe^e^, 162 
Dicrotism in tj plioid fe\ er, 143 
Diet m tjplioid fe\er, 211 
Digestne system in typhoid fe\er, 119 
tract in plague, 769 

in yellow fever, 748 

Dilatation of heart in tj'phoid fe\er, 144 
Diphthena, 401 

abscesses in, 415 
albuminuria in, 415, 448 
in animals, 426 
antitoxin, 430 

administration of, 435 
arthralgia from, 448 
dosage of, 435 
objections to, 448 
preparation of, 434 
rashes from, 448 
bacillus of, 655 
blood m, 417 
bone-marrow in, 409 
bronchopneumonia in, 406, 415 
cenical adenitis m, 415 
complications of, 414 
cou^i m, 411 
cutaneous, 413 
cyanosis in, 412 
definition of, 401 
desquamation m, 450 
diagnosis of, 417 

bactenological, 418, 422 
from plague, 778 
from tonsillitis, 417 
disinfection in, 425 
duration of infection in, 422 
dysphagia in, 410 
dyspnoea in, 412 
etiology of, 402 
extubation in, 446 
of eye, 414 
forms of, 409 
headache in, 409 
heart complications in, 407, 415 
hemorrhage in, 414 
history of, 401 
immunization to, 450 
intubation m, 441 

instruments for, 445 
method of, 446 
mortality m, 443 
objections to, 444 
kidnejs m, 408 
larjngeal, 411, 420 
treatment of, 437 
h\er in, 408 

lobar pneumonia in, 415, 621 
lungs in, 406, 414 
h mph nodes in, 408 
mastoiditis in, 414 
measles and, 418 
mortality of, 430 
m3 ocard-itis in, 407 
nasal, 412 


Diphtheria, nephntis in, 414 
nervous S3'stem in, 409, 417 
neuritis in, 415 
otitis media in, 414 
paralysis m, 411, 415 
pathology of, 403, 663 
local lesion, 403 
membrane, 404, 407 
of penis, 413 
pharyngeal, 409 
phthisis and, 418 
prognosis of, 422 
prophylaxis of, 423 
of personal, 427 
purpura haimorrhagica in, 414 
pulse in, 411, 416 
scarlet fever and, 418 
schools and, 424 
smallpox and, 291 
spleen in, 407 
stomach m, 407 
suppression of unne in, 415 
susceptibility to, 427 
symptoms of, 409 
synonyms of, 401 
tracheotomy in, 438 
methods of, 439 
treatment of, 427 
general, 427 
local, 429 

serum therapy, 430 
in typhoid fever, 121, 418 
uroimia in, 415 
urticana in, 414 
vomiting in, 416 
of \ailva, 413 
whooping-cough and, 456 
Diphthentic conjunctivitis, 414 
Diplegia, cerebral, in whooping-cough, 458 
Diplococcus catarrhalis, 499 

intracellulans meningitidis, 498, 521 
lanceolatus, 553 
pneumonise, 553 
rheumaticus, 679, 689, 693 
Discrete smallpox, 283 
Disinfection in typhoid fever, 204 
of bath water, 206 
of bed pans and urinals, 206 
of clothing, 205 
of room, 206 

of sputum and vomitus, 205 
of stools, 204 
of unne, 205 

Drug rashes, diagnosis of, from erythema 
infectiosum, 400 
from measles, 389 
from scarlet fever, 359 
Dust, typhoid infection from, 88 
Dysentery, amcebic, diagnosis of, from 
bacillar3’-, 794 
bacillary, 781 

abscess in, 793 
age m, 787 



INDEX 


807 


Dj senteTj , bacilHrj , arthritis in, 793 
ascending, 792 
ascites in, 793 
beriberi and, 793 
colic in, 790 
complications of, 793 
course of, 793 
descending, 792 
diagnosis of, 793 

from amoebic d^s senterj , 
794 

bacteriological, 794 
from mercury poisoning, 
794 

from rectal conditions, 791 
diarrhoea in, 790 
cpidemiologi of, 7SG 
fe\er in, 790 
food and, 7S7 
history of, 781 
immunization to, 799 
infection nitii, 7SG 
intestines in, 78S 
mortahtj of, 787, 796 
parotitis in, 793 
pathological anatomy of, 7SS 
peritonitis m, 793 
prognosis of, 795 
relapse in, 793 
season m, 787 
sequelae of, 793 
symptoms of, 790 
treatment of, 79G 
prophylactic, 799 
serum, 798 

polyealont, 799 
typhoid dysentery, 791 
fer er and, 793 
unne in, 790 
chronic, 792 

treatment of, 797 
m relapsing fever, 248 
Dysphagia m diphtheria, 410 
D3'spncea m dipnthena, 412 
m lobar pneumonia, 573 


E 

Ear m epidemic cerebrospinal menin- 
gitis, 508, 513 
in scarlet fever, 342 
Earache m lolear pneumonia, 563 
Ecthyma m measles, 387 
Ectropion m smallpox, 291 
Eczema, acute, diagnosis of, from erj’-- 
sipelas, 531 

erythematous, diagnosis of, from 
erysipelas, 531 
m lobar pneumonia, 613 
nodosum, diagnosis of, from ery- 
sipelas, 531 

m vaccination, 323 I 


Embolism, cerebral, m typhoid le\ er, 158 
Emphjsema in whooping-cough, 457 
Empyema in influenza, 477 

intei lobar, diagnosis of, from lobar 
pneumonia, 628 
in lobar pneumonia, 599 
m measles, 386 

Encephalitis, haimorrhagic, m lobar pneu- 
monia, 616 
m influenza, 479 
in tj phoid fe\ er, 93 
in n hooping-cough, 458 
Endocarditis, acute, organisms m, 657 
in acute rheumatism, 687 
aortic, 688 
mitral, 688 

diagnosis of, from tj phoid ferer, 193 
m er\ sipelas, 530 
m influenza, 480 
in lobar pneumonia, 559, 607 
in measles, 386 
in scarlet fc\er, 352 
in smallpox, 292 
in tj phoid feier, 95, 145 
Endotoxins, 36 

Enteric fever, 70 See Typhoid fei er 
Enterodvsenterj , 791 
Epiglottis, ulcers of, in typhoid fever, 94 
Epilepsj' in whooping-cough, 457 
Epistaxis in lobar pneumonia, 565 
m measles, 381 
in typhoid fe\er, 139 

treatment of, 225 
in typhus feter, 238 
in yellow feier, 752 
Erratic pneumonia, 583 
Erj'sipelas, 525 

abscesses m, 530 
arthritis in, 530 
bronchopneumonia in, 530 
complications of, 530 
contagion of, 527 
definition of, 525 
delirium in, 529 
tremens in, 529 
diagnosis of, 531 

from eczema, acute, 531 
erythematous, 531 
nodosum, 531 
from erythema, 531 
from malignant pustule, 532 
from urticaria, 531 
endocarditis in, 530 
etiology of, 526 

predisposing, 527 
abrasions, 527 
age, 527 

antecedent affections, 527 
antihygienic surroundings, 
528 

familj predisposition, 527 

fissures, 527 

prea lous attacks, 527 
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Ensipelas, ctiolog\ of, predisposing, 
season, 527 
sex, 527 

traumatism, 527 
gangra nosum, 529 
gangrene ot skin in, 530 
headache in, 529 
histor> of, 525 

m lobar pneumonia, 530, C12 
in measles, 3S7 
meningitis in, 530 
migrans, 529 

of mucous membrane, 530 
neonatorum, 529 
nephritis m, 531 
ccclema of glottis m, 530 
otitis media m, 531 
pathology of, 528 
phlegmonous, 529 
prognosis of, 532 
pulse in, 528 
pustulosum, 529 
relapsing, 530 
sequel c of, 530 
in smallpox, 291 
s^ mptoms of, 528 
incubation, 528 
local, 529 
nerious, 529 
stage ol imasion, 528 
temperature m, 528 
tieatment ot, 532 

constitutional, 533 
dietetic, 533 
local, 535 
proph 3 'lactic, 532 
urine m, 529 
in -N accination, 322 
\esiculosum, 529 

Er^thema in acute rheumatism, 700 
annulare m Asiatic cholera, 730 
diagnosis of, from er\sipelas, 531 
exudatn um multiforme, diagnosis 
of, from erj^thema infectiosum, 
400 

infectiosum, 399 

definition of, 399 
diagnosis of, 399 

from drug rashes, 400 
from erj thcma exudatn um 
multiforme, 400 
from measles, 400 
from rubella, 400 
from scarlet fe\er, 357, 400 
from urticaria, 400 
etiolog}^ of, 399 
history of, 399 
pathology of, 399 
prognosis of, 400 
fa^ mptoms of, 399 
treatment of, 400 
nodosum in measles, 387 
m t^phold fe\er, 117 


Exanthemata, diagnosis of, from tj phoid 
fe^er, 193 

Exophthalmic goitre and acute rheuma- 
tism, 698 

in lobar pneumonia, 620 
Eje, diphtheria of, 414 
Eyes in epidemic cerebrospinal menin- 
gitis, 507, 513 

in measles, treatment of, 392 


F 

Facivi. paresis in epidemic cerebrospinal 
meningitis, 511 
Facies cholerica, 729 
Faices, isolation of typhoid bacilli from, 
186 

Faget’s sign m j'ellow fever, 751 
Fascial rheumatism, 692 
Febricula, diagnosis of, from typhoid 
fever, 193 
Fever, cause of, 47 

in infectious diseases, 47 
in measles, 377 

treatment of, 392 
in mumps, 464, 465 
Flies, typhoid infection from, 87 
Foetus, smallpox in, 292 
Fourth disease, 398 

diagnosis of, from scarlet fever, 
356 

Fulminating plague, sjuuptoms of, 776 
Furunculosis in lobar pneumonia, 613 
in measles, 387 
in scarlet ie^ er, 353 
in typhoid fever, 118 


G 

GALL-BLADDEn, ulccrs of, in typhoid 
feier, 100 

Gallstones m tj phoid fe\ cr, 100 
Ganglia in epidemic cerebrospinal men- 
ingitis, 501 

Gangrene in lobar pneumonia, 558 
of lung m influenza, 476 

m lobar pneumonia, 602 
in measles, 386 
in tj phoid fe\er, 94, 142 
post-vaccmal, 322 
of skin m er^slpelas, 530 
in measles, 387 
in smallpox, 291 
in t 3 'phoid fever, 118, 170 
Gastritis, acute, in measles, 385 
in lobar pneumonia, 606 
Gastro-intestinal disease, t 3 q)hoid fever 
and, 181 
influenza, 479 

tract m lobar pneumonia, treatment 
of, 644 
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Genitil infection, 29 

Genlto-u^lna^^ s% stem m acute rheuma- 
tism, 701 
m plague, 770 

tract m lobar pneumonia, tieatment 
of, G45 

German measles, 393 iScc Rubella 
Glanders, acute, diagnosis of, from 
tjphoid feicr, 194 
diagnosis of, fiom smallpox, 295 
Glands, spelling of, m mumps, 461 
Glossitis, acute, m tjplioid leier, 120 
m measles, 3S5 

Glottis, oedema of, in er^ sipelas, 530 
m mumps, 4G7 
m tjplioid feier, 94, 139 
in u liooping-cougli, 456 
Goitre, exophthalmic, and acute rheuma- 
tism, 698 

m lobar pneumonia, 620 
Gonococcal aitliritis, diagnosis of, from 
acute rheumatism, 704, 705 
Gonorrhoea, gonococc cniia m, 656 
lobar pneumonia following, 623 
Gout, diagnosis of, from acute iheuma- 
tism, 705 

Group agglutination, 68 


H 

H^mattjuia m tiplioid feier, 163 
Hsemolj'sins, 45, 654 
Hscmolytic amboceptors, 59 
Hoimophihc arthritis, diagnosis of, from 
acute rheumatism, 706 
Hoemoptjbis m lobar pneumonia, 565 
in tjphoid fe\er, 142 
Headache m diphtheria, 409 

m epidemic cerebrospinal meningitis, 
503 

in erj sipelas, 529 
in infiuen/a, 478 
m lobar pneumonia, 565 
m measles, 376, 386 
m smallpox, 277 
in typhoid fea er, 105 

treatment of, 219 
Heart in acute rheumatism, 686 

dilatation of, m tj phoid fever, 144 
in diphtheiia, 407, 415 
in lobar pneumonia, 571 
in plague, 768 
in scarlet fee er, 342 
in smallpox, 269 

Hemiplegia in lobar pneumonia, 616 
m t3'phoid fei er, 158 
m t3rphus fes er, 238 

Hemorrhage of bladdei m t3mhoid feier, 
101 

cerebral, in t3'phoid feeer, 93, 158 
in whooping-cough, 458 
m dengue, 493 


Hemorrhage in diphthena, 414 
gastric, in t3mhoid feeer, 125 
intestinal, m lobar pneumonia, 606 
in typhoid ieier, 98, 125 
of kidney in t3 phoid fever, 101 
of lung m typhoid fe^er, 94 
retinal, in t3 phoid feeer, 160 
in t3 phoid te^ er, 199 

treatment of, 221 
m whooping-cough, 456 
Hemorrhagic diathesis in i accination, 322 
encephalitis in lobar pneumonia, 616 
measles, 381 

pancreatitis m t3 phoid feier, 139 
pustular smallpox, 283 
rash in t3 phoid fe\er, 117 
septicamia, 658 
t3'plioid feier, 175 

Hepatic ciirhosis and lobar pneumonia, 
550 ) 

Hernia m whooping-cough, 457 
Herpes in epidemic cciebrospmal menin- 
gitis, 506 

in lobar pneumonia, 576 
in t3 phoid feier, 117 
Hordeolum m measles, 384 
Hydrocephalus in epidemic cerebrospinal 
meningitis, 514 

H3 dropneumothorax in lobar pneu- 
monia, 601 

H3 drotherap3' in lobar pneumonia, 638 
in scarlet feser, 367 
in t3 phoid fe\ei, 213 
II3 peroimia of intestines in typhoid fei er, 
96 

113 pemsthesia in epidemic cerebrospinal 
meningitis, 511 

Hyperplasia of intestines in typhoid 
fe\er, 96 

113'pothermia m t3'phoid fe3 er, 113 
H3Steria in typhoid fe\er, 156 


1 

Ice, t 3 'phoid infection from, 85 

Ileo-cohtis in measles, 385 
treatment of, 393 

Immunity, 52, 62 

acquired antitoxic, 53 
actne, 54 
antibacterial, 53 
of certain species, 37 
natural, 53 
passn^e, 54 
phagoc 3 dic, 54 

Impetigo contagiosa, diagnosis of, from 
smallpox, 295 
in measles, 387 
in scarlet ^e^ er, 353 
m ^ accination, 323 

Infantile scurv 3 , diagnosis of, from 
acute rheumatism, 704 
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Infarction of lung in typhoid fever, 142 
Infection, aenal, 22 

alimentarj tract, 28 
association of, 34 
conditions necessary for, 37 
conjunctnal, 25 
cryptogenetic, 663 
droplet, 23 

of tuberculosis, 23 
dust, 22 
food and, 24 
from animals, 22 
genital, 29 
germinal, 30 
methods of, 26 
mixed, 33 
mouth, 28 
nasal, 25 

respiratorji- tract, 28 
routes of, 24 
Bocondar}^ 34 
soil and, 24 
terminal, 659 
Mrulence of, 40 
nater-bome, 23 
•wound, 25 

Infectious agents, 18 

blood-making organs and, 46 
chemical, 20 

inflammatory reaction from, 44 
leukocytosis from, 44 
local effects of, 43 
red corpuscles and, 45 
source of, 20 
ultramicroscopic, 19 
virulence of, 40 

diseases, chemical processes m, 51 
fe^ er m, 47 
general nature of, 17 
incubation of, 43 
metabolism in, 49 
specificness of, 17 
Influenza, 469 

abscess of lung m, 474, 476 
m animals, 471 
bacillus of, 655 

agglutination of, 472 
specificity of, 472 
blood m, 481 
bronchitis m, 473, 475 
bronchopneumonia m, 473, 476 
chronic, 477 
classification of, 473 
coma in, 478 
conjunctii itis m, 483 
constipation m, 480 
coryza in, 475 
delmum in, 478 
diagnosis of, 483 

from acute rheumatism, 705 
bactenologieal, 484 
clinical, 484 
from dengue, 485, 494 


Influenza, diagnosis of, from epidemic 
cerebrospinal meningitis, 516 
from lobar pneumonia, 62/ 
from measles, 389 
from other catarrhal respiratory 
infections, 484 
from tuberculosis, 484 
from typhoid fever, 193, 485 
from tj'phus fever, 242 
diarrhma m, 480 
empyema in, 477 
encephalitis m, 479 
endocarditis m, 480 
epidemics of, 469 
duration of, 470 
meteorological conditions in, 470 
morbidity of, 470 
etiology of, 471 
gangrene of lung in, 476 
headache in, 478 
history of, 469 
immunity to, 471 
insomnia in, 478 
jaundice m, 480 
laryngitis in, 473, 475 
lobar pneumonia m, 477, 549, 621 
meningitis in, 473, 479 
otitis media m, 473, 482 
parotitis m, 480 
pathogenesis of, 472 
animal, 472 
human, 472 
pathology of, 473 
peritonitis m, 480 
phthisis and, 483 
pneumothorax in, 477 
prognosis of, 485 
prophylaxis of, 485 
pulse in, 480 
relapse m, 478 
rhinitis in, 475 
septicaimia m, 481 
sputum m, examination of, 471 
cultivation, 471 
staining, 471 
sjTOptoms of, 474 
incubation, 474 
typical, 474 
tonsillitis in, 475 
tracheitis in, 473 
treatment of, 487 
tj'pes of, 474 

circulatory system, 480 
gastro-mtestinal, 479 
genito-urinary, 482 
joints, 482 

metamorphosing, 480 
nervous, 478 
respirator}--, 475 
skin, 482 

special senses, 482 
typhoid, 480 
vertigo m, 478 
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Insanit} and lobar pneumonia, 552 
posfc-tj phoid, 155 

Insomnia in acute rheumatism, GS5 
in influenza, 47S 
in lobar pnoumoma, 567 
in smallpox, 276 

Intestinal plague, symptoms of, 777 
Intestines m Asiatic cholera, 727 
m bacillarj dj’senterj', 7SS 
in scarlet feaer, 343 
m t 3 "phoid feier, 95 
hemorrhage of, 98 
hj per'einia of, 96 
hjperplasia of, 96 
necrosis of, 96 
perforation of, 98 
sloughing of, 96 
ulceration of, 97 
Intubation m diphtliena, 441 
instruments for, 445 
method of, 446 

Intussusception, typhoid fever and, 182 
lodophilia in infections, 669 
Intis in tj'phoid fever, 160 
Isolation m typhoid fever, 204 


J 

Jatoidice in influenza, 480 
m lobar pneumonia, 613 
in relapsing fe\ er, 248 
111 scarlet fever, 353 
m typhoid fever, 136 
in typhus fe^er, 239 
m yellow fever, 751 


K 

Keratitis m epidemic cerebrospinal 
meningitis, 508 
m measles, 384 
in typhoid fever, 160 
Kemig’s sign in epidemic cerebrospinal 
meningitis, 509 
in typhoid fever, 157 
Kidney, abscess of, in lobar pneumonia, 
612 

m typhoid fever, 101 
m Asiatic cholera, 727 
in diphtheria, 408 

he^rrhage of, in typhoid fever, 

in scarlet feaer, 343 
in smallpox, 269, 287 
in yellow fever, 750 ' 

Kink-cough, 452 See Whooping - 1 
cough i 

Hebs-Loeffler bacillus, 402 j 

Kophk spots in measles, 377 ! 


L 

La grippe, 469 See Influenza 
Lari'al pneumonia, 5S4 
Laryngeal diphtheria, 411 
treatment of, 437 

Laryngitis m acute rheumatism, 700 
m influenza, 473, 475 
in lobar pneumonia, 565, 599 
m measles, 385 
in typhoid fever, 106 
Larynx in typhoid fe\er, 93, 139 
Latent pneumonia, 584 
Lepros}' in laccination, 321 
Leukocytosis, 44 

m epidemic cerebrospinal meningitis, 
508 

m lobar pneumonia, 581 
m measles, 383 
m rubella, 396 
m scarlet feier, 352 
m smallpox, 287 
m whooping-cough, 456 
Lichen tropicus, diagnosis of, from scarlet 
feier, 358 

Lmea atropine® m typhoid fever, 118 
Lner m diphthena, 408 

enlargement of, m lobar pneumonia, 
614 

in plague, 769 
in scarlet fe^er, 343 
in smallpox, 266 
m typhoid fe^e^, 100, 136 
m yellow fever, 749 

Lobar pneumonia, 537 See Pneumonia, 
lobar 

Lumbar puncture m epidemic cerebro- 
spinal meningitis, 512, 518 
method of, 517 

Lung, abscess of, in influenza, 474, 476 
in lobar pneumonia, 601 
in measles, 386 
in typhoid fever, 94, 142 
congestion of, in measles, 386 
in mumps, 467 
in diphthena, 406, 414 
m epidemic cerebrospinal meningitis, 
502 

fever, 537 See Pneumonia, lobar 
gangrene of, in influenza, 476 
in lobar pneumonia, 602 
m measles, 386 
in typhoid fever, 94, 142 
hemorrhage of, in typhoid fever, 94 
infarction of, m typhoid fever, 
142 

m scarlet fever, 342 
in smallpox, 266 
in typhoid fever, 94 
Lymph nodes in diphtheria, 408 
m measles, 377 
m scarlet fever, 344 
Lymphadenitis in acute rheumatism, 703 
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L-smphatic system in plague, 763 
Ljsins, 59 
L^sogens, 60 

M 

jMaceiia\’s sign m epidemic cerebro- 
spinal meningitis, 511 
Malarial fe\ er, diagnosis of, from dengue, 
494 

from plague, 778 
from t 3 'piioid feaer, 191 
from t\phus fe\er, 242 
lobar pneumonia in, 622 
t 3 plioid fe\er and, 178 
Malignant pustule, diagnosis of, from 
eiysipelas, 532 
tvplioid fe\er, 173 

Malta feier, diagnosis of, from acute 
rheumatism, 706 

Jlastitis in acute rheumatism, 703 
in t-\ phoid fe^er, 166 
I\Iastoiditis in diphtheria, 414 
Measles, 373 

abscess of lung in, 386 
albuminuria in, 384 
anomalous forms of, 380 
aithntis m, 381, 387 
“black, ’ 379 
blepharitis in, 384 
blepharospasm in, 384 
blood m, 383 
bronchitis in, 377, 385 
treatment of, 393 
bronchopneumonia m, 385 
treatment of, 393 
complications of, 384 
bone, 387 
circulator3r, 386 
ear, 384 
eye, 384 

gastro-mtestinal, 384 
joint, 387 
nerious, 386 
respirator} , 385 
skin, 387 
congenital, 375 
congestion of lungs m, 380 
con\ ulsions in, 386 
con za in, 377, 385 
course of, 376 
definition of, 373 
desquamation in, 380 
diagnosis of, 387 

from drug rashes, 389 
from er\ thema infectiosum, 400 
from influenza, 389 
from scarlet feier, 356, 388 
from smallpox, 293, 388 
from s^ philis, 389 
from t\ phus le\ er, 242, 243, 388 
diarrhoea in, 385 

treatment of, 393 


Measles, diazo reaction in, 384 
diphtheria and, 418 
ecthyma in, 387 
empyema in, 386 
endocaiditis in, 386 
epistaxis in, 381 
eruption of, prodromal, 376 
erysipelas in, 387 
erythema nodosum in, 387 
etiology of, 373 
exanthem of, 378 
ejes in, treatment of, 392 
fever in, 377 

treatment of, 392 
furunculosis in, 387 
gangrene of lung in, 386 
skin in, 387 
gastritis, acute, in, 385 
German, 393 Sec Rubella 
glossitis in, 385 
headache in, 376 
hemorrhagic, 381 
history of, 373 
hordeolum in, 384 
ileo-colitis m, 385 
treatment of, 393 
immunity to, 375 
impetigo contagiosa in, 387 
incubation of, 376 
infection, means of, 374 
inoculation experiments ^Yltll, 375 
keratitis in, 384 
Ivoplik spots m, 377 
laryngitis m, 385 
leukocytosis in, 383 
lobar pneumonia in, 386, 621 
lympli nodes m, 377 
malignant, 381 
mortality of, 389 
mouth m, treatment of, 392 
ner\ousness m, treatment of, 392 
nose m, treatment of, 392 
odor of, 377 
osteomyelitis m, 387 
otitis media m, 384 
pathology of, 375 
pemphigus in, 387 
pericarditis in, 386 
phlebitis in, 386 
photophobia in, 381, 384 
pleurisy m, 386 
polymyositis in, 386 
polyneuritis m, 386 
pregnancy and, 387 
prognosis of, 389 
prophylaxis of, 390 
isolation, 390 
scarlet fe\er and, 356 
sleeplessness in, treatment of, 392 
stomatitis m, 384 
symptoms of, 376 
synonyms of, 373 
temperature in, 381 
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llea&les, throat m, treatment of, 392 
thrush m, 3S4 
treatment of, 391 
tuberculosis and, 387 
urine in, 384 
urticaria m, 387 
in raccmation, 323 
a omiting in, 385 

treatment of, 393 
raih or aginitis m, 387 
u hooping-cough and, 45G 
without eruption, 380 
Jlediastinitis in lobar pneumonia, 604 
Membranous croup, 411 See Diphtheria, 
larruigeal 

Meningisme in typhoid ferer, 157 
Memngismus in lobar pneumonia, 614 
Meningitis, diagnosis of, from lobar pneu- 
monia, 629 

epidemic cerebrospinal, 496 Sec 
Cerebrospinal meningitis,epidemit 
m erj'sipelas, 530 
in influenza, 473, 479 
in lobar pneumoma, 559, 614 
posterior basic, 521 

blood in, 523 
definition of, 521 
hydrocephalus in, 523 
morbid anatomy of, 522 
sj’^mptoms of, 522 
treatment of, 519, 524 
tuberculous, cytology of spinal fluid, 
513 

diagnosis of, from epidemic 
cerebrospinal, 516 
in typhoid fever, 93, 156 
purulent, 157 
serous, 157 

Meningo-encephahtis in typhoid fever, 
158 

Menstruation m lobar pneumonia, 621 
in typhoid fever, 165 
in typhus fever, 239 
Mesenteric glands in typhoid ferer, 99 
Metabolism in infectious diseases, 49 
in lobar pneumonia, 559 
in ty phoid fever, 70 
Metastasis in mumps, 465 
Meteonsm m lobar pneumonia, 606 
in typhoid fever, 122, 199 
treatment of, 220 
Micrococcus gonorrhoc'c, 652 
lanceolatus, 552 
Pasteun, 552, 553 
Migratory pneumonia, 583 
Mild typhoid feier, 173 
Mihary eruption in typhoid fever, 117 
Milk, typhoid infection from, 85 
Mitral endocarditis m acute rheumatism, 
688 

Monas pulmonahs, 552 
Monoplegia in typhoid fever, 158 
Mouth infection, 25 


Mouth m measles, treatment of, 392 
in typhoid feiei, 119 
Mucous membrane, erysipelas of, 530 
Mumps, 463 

arthritis in, 467 
bacteriolog> of, 464 
blood in, 467 
bronchitis m, 466 
bronchopneumonia in, 467 
complications of, 465 
congestion of lungs in, 467 
cor 3 'za m, 466 
deafness in, 466 
definition of, 463 
diagnosis of, 467 
ear complications m, 466 
etiolog 3 '^ of, 463 
e 3 'e complications in, 466 
fe\ er m, 464, 465 
glandular suelhng m, 464 
histor 3 of, 463 
incubation of, 464 
infection m, 463 
immunity to, 464 
lobar pneumonia, m, 467 
metastasis m, 465 
nephritis m, 467 
ner\ ous comphcations m, 466 
oedema of glottis m, 467 
orchitis m, 465 
ovaritis m, 465 
pain in, 465 
pancreatitis in, 466 
pathology of, 464 
prognosis of, 468 
pulse m, 467 

Bubmaxillary glands m, 465 
symptoms of, 464 
synonyms of, 463 
treatment of, 468 
Urethritis in, 466 
Muscular rheumatism, 692, 695 
M 3 'ehtis in typhoid fever, 93, 158 
Myocarditis m diphtheria, 407 
in typhoid fever, 145 
in typhus fer er, 238 


N 

Nasal diphtheria, 412 
infection, 25 
Nausea in smallpox, 277 
in typhoid feier, 121 

treatment of, 220 

Neck, ngiditv of, in epidemic cerebro- 
spinal meningitis, 511 
Necrosis of intestines in tvphoid fei er, 96 
Nephritis in acute rheumatism, 701 
in diphtheria, 414 

in epidemic cerebrospinal meningitis, 
509 

in er3Sipelas, 531 
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Xephntis m lobar pneumonia, 550, 612 
in mumps, 467 
in scarlet fever, 350, 352 
treatment of, 371 
m smallpox, 292 
m tjphoid fe-\er, 101, 163, 199 
m tj'phus feAer, 239 
Nephrotyphoid, 107 

Nerves m epidemie cerebrospinal menin- 
gitis, 501 

Nervous influenza, 478 

system in acute rheumatism, 695 
in diphthena, 409 
m lobar pneumonia, 614 
treatment of, 642 
m plague, 720 
m tj'phoid fev'er, 93 

Nerv ousness in measles, treatment of, 392 
Neuralgia in acute rheumatism, 698 
Neurasthenia, post-typhoid, 155 
Neuntis m acute rheumatism, 698 
in diphthena, 415 
in lobar pneumonia, 616 
in typhoid fev er, 159 
optic, 160 

in whooping-cough, 458 
Neuroses in whooping-cough, 457 
Nodules, subcutaneous, 693 
Noma m scarlet fever, treatment of, 369 
m smallpox, 291 

Nose in epidemic cerebrospinal menin- 
gitis, 507 

in measles, treatment of, 392 


O 

O’Dwteh’s intubation instruments, 445 
Ocular complications in lobar pneumonia, 
617 

muscles, paralj^sis of, m typhoid 
fever, 160 

Odor m typhoid fever, 119 
CEdema of glottis m erysipelas, 530 
m mumps, 467 
m typhoid fever, 94, 139 
m whooping-cough, 456 
pulmonary, m acute rheumatism, 699 
ffisophagismus in typhoid fever, 121 
QSsophagitis m typhoid fev'er, 95 
OEsophagus, stncture of, m typhoid fev'er, 
95, 121 

ulcers of, m tj phoid fever, 95, 121 
Opisthotonos in epidemic cerebrospinal 
meningitis, 507 
Opsonins, 39, 62 
immune, 63 

Optic nerve atrophy m typhoid fev er, 160 
neuntis m tj phoid fev'er, 160 
Orchitis m lobar pneumonia, 612 
suppurative, 620 
in mumps, 465 
in typhoid fev'er, 166 


Orchitis in typhus fev er, 239 
Osteitis in tj phoid fever, 167 
Osteomj'chtis, acute, diagnosis of, from 
acute rheumatism, 703 
in measles, 387 
m typhoid fever, 167 
Otitis meaia, diagnosis of, from epidemic 
cerebrospinal meningitis, 516 
in diphtheria, 414 
in epidemic cerebrospinal men- 
ingitis, 508, 513 
in erysipelas, 531 
in influenza, 473, 482 
in lobar pneumonia, 617 
in measles, 384 
in scarlet fever, 351 
m smallpox, 292 
in typhoid fever, 160 
Ov'antis in mumps, 465 
Ovary, abscess ot, m typhoid fever, 165 


P 

Palate in scarlet fever, 340 
Pancreas in plaguC, 770 
in typhoid fever, 100 
Pancreatitis, hemorrhagic, m typhoid 
fever, 139 
in mumps, 466 

Paralysis agitans, post-typhoid, 158 

of ocular muscles in typhoid fever, 
160 

in smallpox, 292 
in whooping-cough, 458 
Paraplegia in typhoid fev'er, 158 
Paratyphoid fever, 103, 178 
infection, bacillus of, 657 
Paresis, facial, in epidemic cerebrospinal 
meningitis, 511 

Paronychia in scarlet fever, 353 
Parotitis in acute rheumatism, 703 
in bacillary dysentery, 793 
epidemica, 463 See Mumps 
in influenza, 480 
in lobar pneumonia, 618 
non-specific, 467 
in typhoid fev'er, 120 
“ Pea-soup ’ stools in typhoid fever, 122 
Pemphigoid rash in typhoid fever, 117 
Pemphigus, diagnosis of, from smallpox, 
294 

in measles, 387 
in v'accmation, 323 
Penis, diphthena of, 413 
Perforation in typhoid fev'er, 128, 199 

abdominal symptoms in, 
132 

blood pressure in, 133 
bowels in, 132 
diagnosis of, 133 

from appendicitis, 133 
from hemorrhage, 133 
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Perforation in typhoid fe-ver, diagnosis of, 
from intestinal 
obstruction, 134 
strangulation, 134 
from intussusception, 
134 

from peritonitis from 
other causes, 133 
from phlebitis, 133 
gastric symptoms in, 132 
leukocytes in, 133 
pulse in, 132 

rectal examination in, 132 
respiration in, 132 
temperature in, 131 
treatment of, 222 

Pericarditis m acute rheumatism, 690 
m epidemic cerebrospinal menin- 
gitis, 513 

m lobar pneumonia, 559, 610 
in measles, 386 
in scarlet fever, 352 
in typhoid fever, 95, 145 
Pericardium in plague, 768 
Periglandular infiltration in plague, 764 
Periostitis in typhoid fever, 167 
Peripneumonia, 537 See Pneumonia, 
lobar 

Peritonitis m acute rheumatism, 701 
in bacillary dj'sentery, 793 
m influenza, 480 
in lobar pneumonia, 606 
m scarlet fever, 353 
in typhoid fever, 134 
Pertussis, 452 See Whooping-cough 
Pestis minor, symptoms of, 774 
Pfeiffer’s reaction in Asiatic cholera, 725 
Phagocytic immunity, 54 
Phagocytosis, 39, 62 
Pharyngeal diphtheria, 409 
Pharynx in scarlet fever, 340 
m typhoid fever, 120 
ulcers of, 95 

Phlebitis in acute rheumatism, 692 
in measles, 386 
in typhoid fever, 200 

treatment of, 225 
Phlegmonous erysipelas, 529 
Photophobia m measles, 381, 384 
Phthisis, diphtheria and, 418 
influenza and, 483 

Pigmentation of hands and feet in ty- 
phoid fever, 119 
Plague, 760 

abortive, 774 
age in, 773 
ambulator}', 774 
among animals, 771 
bacillus of, 761 

cultural charactenstics of, 761 
toxicity of, 762 
varulence of, 762 
blood in, 770 


S15 

Plague, buboes in, development of, 767 
frequency of, 766 
location of, 766 
primary, 764 
proper, 764 
secondary, 765 
tertiary, 766 
bubonic, 775 

circulatory system m, 768 
climatological features of, 771 
definition of, 760 
diagnosis of, 778 

from climatic buboes, 778 
from diphtheria, 778 
from febrile adenitis, 778 
from malarial fever, 778 
from relapsing fever, 778 
from typhoid fever, 778 
from typhus fever, 242 
from venereal buboes, 778 
serum, 779 

digestive tract in, 769 
duration of, 774 
fever in, 773 
fulminating, 776 
genito-unnary system in, 770 
heart in, 768 
history of, 760 
incubation, 773 

inoculatidn experiments m, 771 
intestinal, 777 
liv'er m, 769 

lymphatic system in, 763 
nervous system in, 770 
’ occupation in, 773 
pancreas in, 770 
pathology of, 762 
pericardium in, 768 
periglandular infiltration in, 764 
pestis minor, 774 
pneumonic, 768, 776 
portal of entry of, 771 
predisposing factors in, 773 
prognosis of, 779 
pulse in, 774 
race in, 773 

respiratory system m, 768 
septiCEemic, 776 
sequela! of, 777 
sex in, 773 
skin in, 762 

primary pustules, 763 
secondary pustules, 763 
special senses in, 770 
spleen in, 769 
spread of, 772 
symptoms of, 773 
synonyms of, 760 
transmission of, 772 
treatment of, 779 
inoculations, 780 
prophylaxis, 779 
vaccination, 780 
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PHgiic, urine in, 770 
Pleur'^l effusion, diagnosis of, from lobar 
pneumonia, G2S 

Pleuris} m acute rheumatism, 099 

diagnosis of, from Uphold fever, 195 
m lobar pneumonia, 598 
in measles, 386 
in scarlet fever, 353 
m tvphoid fever, 94, 100, 142 
in typhus fev er, 238 
in whooping-cough, 457 
Pneumobacillus, 553 
Pneumococcus, 553 

in apparently healthy mdivaduals, 
554 

cultural characteristics of, 553 
morphology of, 553 
in non-pulmonary lesions, 555 
opsonic indev of, 555 
outside the bod}^ 554 
septicsemia, 556, 593 
s 3 mon 3 '’ms of, 553 
toxic products of, 554 
Pneumonia aspiration, 546 

croupous, 537 See Pneumonia, lo- 
bar 

hj^postatic, m typhoid fev^er, 94, 141 
inhalation, 546 
lobar, 537 

abortiv'e, 585 
abscess m, 558 

of kidney in, 612 
of lung m, 601 
subphrenic, 604 
in acute rheumatism, 699 
adenitis in, 580 
age in, 551 

albuminuria in, 579, 611 
alcoholism and, 548 
animals and, 545 
apical, 584 

arteriosclerosis and, 550 
arthritis in, 618 
asthenic, 583 
autolysis m, 590 
bacillus of, 655 
bacteriologj of, 552 
bed-sores m, 620 
bilious, 613 
blood in, 580 

pressure m, 570 
bronchitis m, 599 
cardiac complications in, 607 
cardiovascular lesions and, 550 
central, 584 
in childhood, 586 

sjTOptoms of, 587 
chill in, 562 

chloride excretion in, 578 
cold in, 545 
colitis in, 606 
coma m, 616 

complications of, 559, 597 


Pncumonn, lobar, congenital, 587 
cough in, 573 
crus in, 588 
cr^oscopj in, 579, 583 
death in, 592 
delayed resolution m, 590 
delirium in, 566 

tremens in, 566 
diabetes and, 550 
diagnosis of, 623 

from influenza, 623 
from interlobular empyema, 
624 

from meningitis, 625 
from pleural effusion, 624 
from typhoid fever, 625 
diarrhoea m, 606 
in diphtheria, 415, 621 
duration of, 590 
dvspncca in, 573 
earache in, 563 
eczema in, 613 
empyema in, 599 
endocarditis m, 559, 607 
enlargement of In er in, 614 
m epidemic cerebrospinal men- 
ingitis, 514 
epidemics of, 543 
epistaxis in, 565 
erratic, 583 

in erjsipelas, 530, 612 
etiology of, 639 

general factors, 539 
mdivudual factors, 545 
exophthalmic goitre m, 620 
fever in, 567 

fibroid induration in, 591 
following gonorrhcea, 623 
furunculosis in, 613 
gastritis in, 606 
gastro-intestinal complications 
in, 605 

geographical distribution of, 540 
gangrene in, 658 
of lung m, 602 
hoimoptysis in, 565 
headache in, 565 
heart in, 571 
hemiplegia m, 617 
hemonhage from bowels m, 606 
hemorrhagic encephalitis in, 616 
hepatic cirrhosis and, 550 
herpes in, 576 
historj’^ of, 537 
hydropneumothorax in, 601 
hjperpjTexia m, 568 
immersion in water and, 546 
incubation of, 561 
influenza and, 477, 549, 621 
insanitv and, 552 
insomnia in, 567 
laundice in, 613 
larval, 584 
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Pneumonia, lobar, laryngitis in, 565, 599 
latent, 584 
leukocytosis in, 581 
in malarial fever, 622 
in measles, 386, 621 
mediastinitis in, 604 
meningismus in, 614 
memngitis in, 559, 614 
menstruation in, 621 
metabolism m, 559 
meteonsm in, 606 
meteorological influences in, 540 
microorganism of, 539 
mmratorj', 583 
morbid anatomy of, 556 
engorgement, 556 
gray hepatuation, 557 
red hey'atl^atlon, 556 
resolution, 557 
in mumps, 467 
in national armies, 548 
nephritis and, 550, 612 
nervous S3'’stem in, 614 
neuntis in, 616 
nitrogen excretion in, 560 
occupation in, 546 
occurrence of, 538 
ocular complications in, 617 
onset of, 562 
organizing, 558 
orchitis in, 612 
otitis media m, 617 
pain in, 563 

abdominal, 564 
paralysis in, 617 
parotitis m, 618 
pencarditis in, 559, 610 
physical signs ot, 594 
in plague, 768 
pleurisy in, 598 
pneumothorax in, 600 
peritonitis m, 606 
postoperative, 585 
posture in, 576 
in pregnancy, 620 
previous attacks of, 549 
prodromes of, 561 
prognosis of, 624 
age in, 625 
alcoholism in, 627 
altitude m, 627 
complications in, 625 
race in, 627 
site in, 626 
prophjdaxis of, 630 
pseudocnsis in, 589 
pulmonarj tuberculosis and, 549 
pulse in, 568 

purpura hiemorrhagica in, 613 
putrid, 584 
pvthogenic, 584 
race in, 552 
recurrence of, 549, 587 
52 


Pneumonia, lobar, relapse in, 591 
ifelapsmg fe\er, 218 
renal system in, 611 
respiration in, 572 
retention of urine in, 612 
m scarlet fever, 353, 021 
season m, 539 
senile, 5'' 3 
sex in, 651 
slvin in, 612 
spleen m, 580 
sputum in, 573 

examination of, 576 
stupor m, 616 
suppurative orchitis in, 620 
sweating in, 576 
sjmptoms of, 561 
syncope m, 565, 572 
synonyms ot, 517 
term nal, 585 
termination of, 588 
tetanj in, 617 
thrombosis, cardiac, in, 608 
pulmonary, in, 611 
v'enous, in, 611 
thyroiditis m, 620 
tonsillitis in, 565 
trauma in, 546 
treatment of, 632 

acrotherapy in, 637 
blood-letting in, 638 
cardiac depressants in, 040 
of cardiov ascular sj stem in, 

643 

of convalescence in, 645 
of crisis m, 612 
cupping m, 638 
delayed resolution in, 645 
diaphoretics in, 640 
diuretics in, 641 
external applications m, 

638 

of gastro-mtestinal tract in, 

644 

geneial consideration of, 

636 

of genito-urmary tract in, 

645 

hy drotherapyf in, 638 
hypnotics in, 640 
of inflammation in, C36 
laxatives in, 640 
of lungs in, 644 
of nervous system in, 642 
of skin in, 642 
specific, 633 
of toxaimia of, 641 
in typhoid fever, 94, 106, 141, 
199, 549, 622 
in typhus fev er, 238, 622 
unne m, 578 
urticaria in, 613 
varieties of, 583 
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Pncumonn, lobar, vertigo in, 565 
\ omiting in, 605 
in hooping-cough, 457 
Uphold, 584 
^vanderlng, 5S3 
Pneumonic fe\er, 537 See Pneumonia, 
lobar 

• plague, symptoms of, 776 
Pneumonitis, 537 See Pneumonia, lobar 
Pneumothorax in lobar pneumonia, 600 
in influenza, 477 
Poisons, bacterial, 650 
Pohom^ ehtis, acute anterior, diagnosis 
of, from acute rheumatism, 704 
in t3phoid fe\er, 158 
P0I3 mi ositis m measles, 386 
P0I3 neuritis m measles, 386 
P0I3 uria in epidemic cerebrospinal menin- 
gitis, 509 

in t3phoid fe\er, 161 
Portal p3'a;mia, pathology of, 665 
S3mptoms of, 670 

Posterior basic meningitis, 521 See 
Meningitis, posterior basic 
Postoperatne pneumonia, 585 
Precipitin, 64 
Precipitinogen, 65 

Pregnanc35 acute rheumatism and, 702 
lobar pneumonia in, 620 
measles and, 387 
t3'phoid fe^er and, 81, 165, 177 
in t3'phus fe\er, 239 

Prolapse of rectum in whooping-cough, 
457 

Prostate, abscess of, in t3Tihoid fever, 164 
Protozoa, pathogenic, 19 
Psoriasis in laccination, 323 
Ps3choses in typhoid fe^er, 152, 198 
asthenic, 154 
febrile, 153 
at onset, 152 
in v hooping-cough, 457 
Ptomains, 650 

Pulmonar3^ oedema in acute rheumatism, 
699 

thrombosis in lobar pneumonia, 611 
tuberculosis, lobar pneumonia and, 
549 

t3 phoid fe^ er and, 180 
Pulse in t3 phoid fe^ er, 143 
Purpura in acute rheumatism, 7ro 
h cmorrhagica m diphtheria, 414 
in lobar pneumonia, 013 
Purpuric smallpox, 284 
Putrid pneumonia, 584 
P^a;mla, 648 
chronic, 668 
diagnosis of, 670 

from acute rheumatism, 706 
etiolog3' of, 654 
histon of, 648 
nathologA of, 665 
portal, patholog3' of, 665 


Pyainiia, portal, 63mptoms of, 670 
prognosis of, 671 
S3 mptoms of, CC7 
treatment of, 672 

serumtherapy in, 072 
PNelitis in t3'phoid lever, 101, 104 
P3 leplilebitis in t3 phoid fe^er, 100 
suppurative, 137 
Pythogemc pneumonia, 584 
Pyura in typhoid fe\er 163 


R 

IlErEPTons, 55 

Rectum, prolapse of, in n hooping-cough, 
457 

ulceration of, in t3^phoid fever, 135 

Red corpuscles in infections, 45 

Reflexes in epidemic cerebrospinal menin- 
gitis, 511 

Relapsing feier, 245 

diagnosis of, 248 
from plague, 778 
from typhoid fev'er, 194 
from typhus fever, 242 
dysenteiy in, 248 
etiology of, 245 

hemorrhage from stomach in, 
248 

history of, 245 
jaundice in, 248 
pathology of, 247 
pneumonia in, 248 
symptoms of, 247 
tieatment of, 249 

Renal system in lobar pneumonia 611 

Resistance, natural, to infection, 37 
reduction of, 40 

Respiratory influenza, 475 

S3 stem m acute rheumatism, 698 
in plague, 768 
tract infection, 28 

in typhoid fever, 93 

Retention of urine in t3Tahoid fever, 164 

Rev accination, 317 

Rheumatic fever, 676 Sec Rheuma- 
tism, acute 

Rheumatism, acute, 676 

acute nephritis in, 701 

pulmonary oedema in, 699 
albuminuria in, 702 
ahmentarv'- system m, 701 
appendicitis in, 701 
arteries m, 692 
arthritis in, 692 
bacillus of, 658 
blood m, 691 
bronchitis in, 700 
cardiov ascular system m, 686 
cerebral, 697 
in childhood, 685 
chorea in, 695 
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Rheumatism, acute, conjunctn itis in, 703 i 
course of, 685 

diagnosis of, 703 i 

from acute anterior polio- 
myelitis, 704 
osteomj elitis, 703 
m adults, 705 
from appendicitis, 704 
from arthritis deformans, 

705 

m childhood, 703 
from congenital syphilis, 
704 

from gonococcal arthritis, 
704, 705 
from gout, 705 
from haimophilic arthritis, 

706 

from infantile scur^y, 704 
from influenza, 705 
from malta fever, 706 
from pyaimia, 706 
from scarlatinal arthritis, 
706 

from sprain, 706 
from tuberculous arthritis, 
704 

diarrhoea in, 701 
endocarditis m, 687 
aortic, 688 
malignant, 689 
mitral, 688 
erythema in, 700 

nodosum and, 700 
etiology of, 676 

predisposing causes, 681 
age, 681 
climate, 681 
diet, 682 
epidemics, 682 
heredity, 681 
locality, 681 
season, GSl 
sex, 681 

exophthalmic goitre and, 698 
fascial, 692 

genito-urinary system in, 701 
heart m, 686 
hyperpyrexia in, 697 
insomnia m, 685 
laryngitis in, 700 
IjTOphadenitis m, 703 
mastitis in, 703 
meningitis in, 697 
muscular, 692, 695 
nervous sj stem in, 695 
neuralgia in, 698 
neuritis m, 698 
onset of, 684 
organisms in, 677 
parotitis m, 703 
pathology of, 682 
fibroid type, 683 


Rheumatism, acute, pathologv of, malig- 
nant tjpe, 683 
simple tj'pe, 682 
pericarditis m, 690 
peritonitis m, 701 
phlebitis m, 692 
pleurisy m, 699 
pneumonia in, 699 
predisposition to, management 
of, 712 

pregnanc}’^ and, 702 
prognosis of, 706 
puerperium and, 702 
pulse m, 685 
purpura in, 700 
respiratory system in, 698 
salicylates m, 708, 711 
spinal lesions in, 698 
subcutaneous nodules in, 
693 

symptoms of, 684 
thyroiditis m, 703 
tonsillitis in, 698 
treatment oi, 707 

hyperp 3 'rexia, 712 
medicinal, 708 
proph 3 dactic, 707, 713 
serum therapy, 711 
urine in, 685 

Rhinitis m influenza, 475 

purulent in scarlet feier, treatment 
of, 369 

Rose spots m typhoid fe^er, 116 

isolation of bacilli from, 
186 

Roseola papulosa in Asiatic cholera, 
730 

Rubella, 393 

blood in, 396 
complications of, 396 
definition of, 393 
diagnosis of, 397 

from erythema infectiosum, 
400 

from scarlet fever, 356 
eruption m, 395 

m mouth m, 396 
etiology of, 393 
history of, 393 
incubation m, 395 
immunit 3 f to, 394 
imasion in, 395 
leukoc 3 'tosis in, 396 
l 3 'mph nodes m, 396 
malignant, 396 
prodromes m, 395 
prognosis of, 397 
recurrence of, 396 
relapse in, 396 
symptoms of, 395 
sjnonyms of, 393 
temperature in, 395 
treatment of, 397 
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& vpiuEMiA, G47, C67 
Scarlatina, 334 See Scarlet feaer 
rheumatica, 489 See Dengue 
Scarlatinal arthritis, diagnosis of, from 
acute rheumatism, 706 
Scarlet fe^er, 334 

albuminuria m, 350 
antcmia m, 352 
angina m, 347 
appendicitis and, 359 
arthritis in, 353 
bone-marrow m, 344 
bronchopneumonia in, 353 
cellulitis in, 353 
cervical adenitis in, 350 
chtonic nephntis in, 352 
conjunctivitis in, 351 
definition of, 334 
desquamation in, 353 
diagnosis of, 355 

from chickenpox, 359 
from drug eruptions, 358 
from erythema mfectiosum, 
357, 400 ^ 

from fourth disease, 356 
from lichen tropicus, 358 
from measles, 356, 388 
from rubella, 356 
from smallpox, 359 
from surgical scarlet fever, 
359 

from typhus fever, 242 
diphthena and, 418 
duration of infection, 362 
ear in, 342, 369 
endocarditis in, 352 
eruption in, 350 
etiology of, 336 
fulminating, 345 
furuncles in, 353 
gallop rhjthm in, 352 
heart in, 342, 352 
history of, 334 
impetigo contagiosa in, 353 
incubation in, 344 
infectiousness of, 364 
intestines in, 343 
jaundice in, 353 
kidnevs in, 343 
leukocjdosis in, 352 
In er in, 343 

lobar pneumonia in, 353, 621 
lungs in, 342 
lymph nodes m, 344, 353 
malignant, 346 
measles and, 356 
mortaht}' of, 365 
onset of, 346 
otitis media in, 351 
palate in, 340 
paronychia in, 353 


Scarlet fe\ er, pathologj of, 339 
pericarditis m, 352 
peritonitis in, 353 
phar3ai\ in, 340 
pleuritis m, 353 
prei alence of, 335 
prognosis of, 365 
prophjlaxis of, 359 
protozoon-hke bodies in, 341 
relapse in, 354 
return cases of, 362 
septicTJmia in, 342 
skin in, 340 
spleen in, 342 
stomach in, 343 
strawberry tongue in, 348 
streptococcus in, 338, 656 
susceptibilit} to, 337 
S5'mptoms of, 345 
synon3TOs of, 334 
temperature in, 349 
th3fmus gland in, 344 
tongue in, 340 
tonsils in, 340 
treatment of, 366 
ears in, 369 
mastoiditis, 370 
nephritis in, 371 
noma in, 369 
purulent rhinitis in, 369 
serum therapy, 371 
throat m, 368 
in \accination, 323 
whooping-cough and, 456 
without eruption, 346 
vScun'3’-, infantile, diagnosis of, from 
acute rheumatism, 704 
Senile pneumonia, 583 
Septicaemia, 647 

diagnosis of, 670 

from t3phoid fever, 192 
from typhus fever, 242 
etiology of, 654 
hemorrhagic, 658 
history of, 648 
in influenza, 480 
pathology of, 661 
histological, 663 
prognosis of, 671 
in scarlet fei er, 342 
S3'mptoms of, 667 
treatment of, 672 

serum therap3 in, 672 
SeptiCTimic plague, S3mptoms of, 776 
Serum, antistreptococcic, 673 
antitoxic, 672 
bactericidal, 673 
Serum therap3’-, 56 
in infections, 672 
in scarlet fei er, 371 
in typhoid feier, 218 
Sliell-fisli, tiphoid infection from, 86 
Skin in Asiatic cholera, 729, 730 
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Skin, diphtheria of, 413 

in epidemic cerebrospinal meningitis, 
502, 506 

gangrene of, in eijsipelas, 530 
in measles, 387 
m smallpox, 291 
in lobar pneumonia, 612 

treatment of, 642 
in plague, 762 
in scarlet fever, 340 
in typhoid fe\er, 111, 218 
ulcers of, in tjphoid fever, 118 
in whooping-cough, 456 
in yellow fei er, 752 

Sleeplessness in measles, treatment of, 392 

Sloughing ol intestines in typhoid feier, 
96 

Smallpox, 250 
abortive, 282 
abscesses in, 290 
after laccmation, 318 
air-borne infection of, 259 
albuminuria m, 287 
arthritis m, 292 
backache m, 277 
bacteria m, 263, 275 
bed-sores in, 291 
boils m, 290 
bronchitis in, 291 
bronchopneumonia in, 291 
catatonia in, 277 
chill m, 277 
complications of, 290 
confluent, 283 
conjunctivitis m, 291 
cytoryctes variolie in, 255 
delirium in, 276, 287 
diagnosis of, 293 

from chickenpox, 294 
from glanders, 295 
from impetigo contagiosa, 295 
from measles, 293, 388 
from pemphigus, 294 
from scarlet fever, 359 
from s 3 ''phihs, 294 
diphtheria and, 291 
discrete, 283 
disinfection in, 298 
ectropion in, 291 
endocarditis in, 292 
eruption in, 279 
erj^sipelas m, 291 
erythema in, 278 
etiology of, 254 
experimental, 272 
fe\er in, 285 
in foetus, 292 
gangrene of skin in, 291 
headache in, 277 
hemorrhagic pustular, 283 
liiston of, 250 
hospital for, 297 
immunity to, 275 


Smallpox, incidence of, 251 
race, 254 
seasonal, 252 
incubation of, 276 
initial rashes m, 277 
stage of, 276 
inoculation m, 270 
insomnia in, 276 
leukocjtes in, 287 
mild, 282 

mortalitj’^ of, 253, 296, 302 
nausea m, 277 
nephritis m, 292 
noma in, 291 
oedema in, 280 
otitis media in, 292 
paralj'sis m, 292 
pathological anatomj’^ of, 260 

bone-marrow m, 267, 289 
exudations, 288 
heart m, 269 
kidnej'^ in, 269 
liver in, 266 
lungs in, 266 

mucous membranes m, 265 
' pustule, 261 

spleen in, 266, 290 
testicle in, 268 
petechiTj m, 278 
prognosis of, 295 
prophylaxis of, 297 
protopustule in, 274 
purpuric, 284 
sequety of, 290 
somnolence in, 276 
streptococci in, 656 
symptoms of, 275 
onset, 276 
treatment of, 297 
eruption, 299 
urine in, 287 
vaccination in, 298, 323 
vomiting in, 277 
without eruption, 281 
Soil, typhoid infection from, 88 
Somnolence in smallpox, 276 
Spinal cord in epidemic cerebrospinal 
meningitis, 500 

fluid, isolation of tj phoid bacilli 
from, 187 

lesions in acute rheumatism, 698 
Spleen in Asiatic cholera, 728 
in diphtheria, 407 
enlargement of, in infections, 46 
in epidemic cerebrospinal menin- 
gitis, 502 

isolation of typhoid bacilli from, 187 

m lobar pneumonia, 580 

in plague, 769 

in scarlet fei er, 342 

in smallpox, 266, 290 

m t-s phoid fe^ er, 99, 135 

in -sellow fe\er, 750 
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Sponchlitis, tj-phoicl, 1G7 
fopotted fe\er, 496 See Cerebrospinal 
meniiipitis, epidemic 

foprain, diagnosis ol, Irom acute rheuma- 
tism, 706 

Sputum in lobar pneumonia, 573 
examination of, 576 
St Antlionj’s file, 525 Sec Erysipelas 
Staphylococcus pjogenes aureus, 651 
Stomach in Asiatic cholera, 727 
m scarlet feier, 343 
ulcer of, in typhoid fe\ er, 121 
Stomatitis in measles, 384 
in t 3 ’-plioid feier, 119 
Stools in tj^ihoid fever, disinfection of, 
204 

Strawberry tongue of scarlet fever, 348 
Streptococcus erj'sipelatis, 526 
pyogenes, 653 

lesions due to, 664 
rheumaticus, 679 

Stricture of oesophagus in typhoid fever, 
95, 121 

Stupor in cerebrospinal meningitis, 503 
in lobar pneumonia, 616 
m typhoid fever, 151, 154 
Submaxillary glands in typhoid fever, 120 
Subphrenic abscess in lobar pneumonia, 
604 

Surgical scarlet feaer, 359 
Susceptibility', ^a^atlons in, 38 
Sweating, in typhoid fe^er, 119 
Syncope in lobar pneumonia, 565 
Syphilis, congenital, diagnosis of, from 
acute rheumatism, 704 
diagnosis of, from measles, 389 
from smallpox, 294 
from ty'phoid fever, 194 
ty phoid fever and, 181 
in vaccination, 324 


T 

Tache cdrfbrale in epidemic cerebro- 
spinal meningitis, 511 
laches bleuitres in ty'phoid fever, 117 
Tender toes in ty'phoid fever, 159 

treatment of, 227 
Terminal infections, 659 
pneumonia, 585 
Testicle in smallpox, 268 
Tetanus in \ accination, 324 
Tetany m typhoid fe^er, 156 
Throat in epidemic cerebrospinal menin- 
gitis, 507 

Thrombosis in lobar pneumonia, cardiac, 
608 

pulmonary', 611 
venous, 611 
m ty'phoid fei er, 95-3 
artenal, 146 
cerebral, 158 


Thrombosis in typhoid fcier, venous, 
147 

Thrush in measles, 384 
Thy'mus gland in scarlet fe^ er, 344 
Thy'ioiditis m acute rheumatism, 703 
in lobar pneumonia, 620 
in typhoid fever, 166 
Tongue in scarlet fe^ er, 340, 347, 348 
Tonsils in scarlet fevei, 340 
Tonsillitis in acute rheumatism, 698 
diagnosis of, from diphtheria, 417 
in influenza, 475 
in lobar pneumoma, 565 
Toxaimia, 647 

blood in, 668 
diagnosis of, 670 
etiology' of, 650 
history of, 648 
leukocytes in, 669 

in lobar pneumoma, treatment of, 
641 

pathology' of, 661 
histological, 663 
prognosis ot, 671 
symptoms of, 667 
treatment of, 672 

serum therapy in, 672 
m typhoid fevei, treatment of, 218 
Toxins, 35, 651 
bactenal, 36 
definition of, 35 
nervous system and, 46 
neutralization of, 57 

Trachea, ulcers of, in typhoid fever, 94 
Tracheitis m influenza, 473 
Tracheotomy m diphtheria, 438 
Tremor in typhoid fever, 156 
Trichinosis, diagnosis of, from ty'phoid 
fever, 194 

typhoid fe\er and, 181 
Tuberculosis, bacillus of, 657 

diagnosis of, from mfluen/a, 484 
from typhoid fever, 191 
pulmonary and lobar pneumonia, 549 
typhoid fever and, 94, 179 
in X accination, 324 

Tuberculous arthritis, diagnosis of, from 
acute rheumatism, 704 
meningitis, diagnosis of, from epi- 
demic cerebrospinal, 516 
Tussis commlsixa, 452 See Whooping- 
cough 

Typhoid fex er, 70 

abdominal pain m, 107, 123 
abscess in, 118, 169 
of lix er m, 136 
of lung in, 142 
of ox'ary' in, 165 
of prostate in, 164 
acute infections and, 180 
in aged, 177 

agglutination phenomena in, 187 
amblyopia in, 160 
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lyphoid fever, angina in, 121 
in animals, 90, 92 
aphasia m, 158 
appendicitis and, 182 
appetite in, 122 
arteritis in, 146 
arthritis in, 169 
auto-infection of, 79 
bacillary d3sentery and, 793 
bacilluria in, 162 
bacillus of, 657 
bacterial infections and, 182 
bed-sores m, 118 
blood in, 148 

pressure in, 146 
brad3’cardia in, 144 
bronchitis in, 140 
bronchopneumonia in, 141 
bulbar paral3'sis in, 158 
catarrhal conjunctmtis in, 160 
cerebral abscess in, 158 
embolism in, 158 
hemorrhage in, 158 
thrombosis in, 158 
in childhood, 177 
chills in, 114 

■with complications, 114 
in con^ alescence, 115 
due to drugs, 115 
at onset, 114 
from serum, 115 
cholecystitis m, 137 
choroiditis in, 160 
chronic alcoholism and, 181 
diseases and, 181 
circulation in, 198 
circulatory system in, 143 
late effects on, 150 
in Cinl War, 78 
collapse in, 110 
constipation in, 122 
conve\ance of, 78 
con^’ulslons in, 158 
coryza in, 139 
course of, 109 

general appearance in. 111 
cystitis in, 164 
deafness in, 160 
definition of, 70 
diagnosis of, 184 

from abdominal actinom3'- 
cosis, 194 
conditions, 195 
from acute glanders, 194 
from anthrax, 194 
from cerebrospinal fever, 
194, 516 

from endocarditis, 193 
from exanthemata, 193 
from febncula, 193 
from influenza, 193, 485 
from intoxications, 193 
from lobar pneumonia, 629 


T3'phoid fe^er, diagnosis of, from mala- 
rial fe\er, 191 
from ner\ous S3 stem con- 
ditions, 194 

from osteom3 ehtis, 193 
from plague, 778 
from pleuris3 , 195 
from pulmonary conditions, 
195 

from relapsing fe-\er, 191 
from renal conditions, 196 
from septicxmia, 192 
from s3’phihs, 194 
from trichinosis, 194 
from tuberculosis, 191 
from t3'phus fever, 192 
diarrhaa in, 106, 122 
diazo reaction in, 162 
dicrotism in, 143 
digestn e system in, 1 19 
dilatation of heart in, 144 
diphtheria and, 121, 418 
duration of, 170 
ear in, 160 
endocarditis m, 145 
epistaxis in, 139 
erythema in, 117 
etiology of, 77 
age, 80 

condition and mode of life, 
81 

gastro-intestinal conditions, 
81 

geographical, 77 
season, 80 
sex, 80 
uar, 78 
e3e in, 160 
fe^cr in. 111 

in com alescence, 113 
post-typhoid elevations, 114 
in relapse, 113 
in foetus, 177 
food and, 85 

in Franco-Piussian AYar, 78 
furuncles in, 118 
gall-bladder in, 137 
gangrene in, 118, 170 
of lung in, 142 

gastro-intestinal disease and, 
181 

glandular system in, 166 
glossitis, acute, in, 120 
hccmaturia m, 163 
ha;mopt\sis in, 142 
hair and nails in, 119 
headache in, 151 
heart in, 144 

sounds in, 144 
hemiplegia m, 158 
hemorrhage in, 125, 199 
coagulation time in, 127 
s'smptoms of, 127 
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Typhoid fe\er, hemorrhagic pancreatitis 
in, 139 
rash ill, 117 
herpes in, 117 
historj of, 72 

Inpostatic congestion in, 141 
hjpothermia in, 113 
h3ster]a in, 150 
incubation of, 104 
in infancj , 176 
infarction of lung in, 142 
infection in, modes of, 102 
insanity after, 155 
insomnia in, 151 
intestines in, 122 
intussusception in, 182 
iritis in, 160 
jaundice in, 136 
keratitis in, 160 
lar>nx in, 139 
leukocj tes in, 149 
hnese atrophicai in, 119 
h^er in, 136 

Ijmphatie glands in, 166 
malarial fei er and, 178 
malignant diseases and, 181 
maniacal delirium in, 154 
mastitis in, 166 
memory after, 155 
meningisme in, 157 
meningitis in, 156 
purulent, 157 
serous, 157 

meningo-encephahtis in, 158 
menstruation in, 165 
metabolism in, 70 
meteonsm in, 122, 199 
miliarv eruption in, 117 
modes of infection, 82 
air, 89 
clothing, 88 
conditions in soil, 88 
direct, 82 
dust, 88 
flies, 87 
food, 85 
beer, 87 
butter, 86 
cheese, 86 
milk, 85 
shell-fish, 86 
1 egetables, 87 
hospital, S3 
ice, 85 
nater, S3 
monoplegia m, 158 
mouth in, 119 
muscles m, 169 
m3ehtis m, 158 
m3mcarditis m, 145 
nausea in, 121 
nephntis in, 163, 199 
nerious S3 stem in, 151 


Tvphoid fe^er, neurasthenia after, 155 
neuritis m, 159 
local, 159 
multiple, 159 
nose m, 139, 161 
odor m, 119 

oedema of glottis m, 139 
oesophagismus in, 121 
oesophagus in, 121 
onset ol, 104 

ambulatory form of, 107 
day of, 107 
feier of, 108 
special modes of, 105 
with complications, 107 
with marked gastro-intes- 
tinal S3 mptoms, 
106 

nervous manifes- 
tations, 105 
pulmonary symp- 
toms, 106 

with renal S3 mptoms, 107 
optic ner\e atrophy in, 160 
neuritis in, 160 
orchitis in, 166 
organism of, 89 
osseous system in, 166 
osteitis in, 167 
osteomyelitis in, 167 
otitJs media in, 160 
pancreas in, 139 
paralysis agitans after, 158 
of ocular muscle in, 160 
paraplegia in, 158 
paratyjnioid, 178 
parotitis in, 120 
pathology of, 93 

ahmentar3'^ tract, 95 
bile passages, 100 
circulator3' S3’^stem, 94 
general appearance, 93 
histological changes, 101 
liver, 100 

mesenter3'- glands, 99 
neivous S3^stem, 93 
pancreas, 100 
respirator3'^ tract, 93 
spleen, 99 
urinary tract, 101 
pea-soup stools in, 122 
pehomata in,' 117 
pemphigoid rash in, 117 
perforation in, 128, 199 

abdominal symptoms in, 132 
blood pressure in, 133 
bowels 111, 132 
diagnosis of, 133 
gastric S3"mptoms in, 132 
general appearance in, 131 
incidence of, 128 
leukoc3des in, 133 
onset in, 130 
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Typhoid fe^ er, perforation in, pulse in, 
132 

rectal examination in, 132 
respiration in, 132 
site of, 129 
temperature in, 131 
pericarditis in, 145 
periostitis in, 167 
peritonitis in, 134 

from causes other than per- 
foration, 132 
pharynx m, 120 
phlebitis m, 200 
pigmentation of hands and feet 
in, 119 

pleurisy m, 142 
pneumonia in, 106, 199 

hypostatic m, 141, 549, 622 
lobar in, 140 
poliomyelitis m, 158 
pohmria m, 161 
pregnancy and, 81, 165, 177 
prognosis of, 196 
prophylaxis of, 201 

antit 5 ''phoid inoculation, 207 
geneial measures, 202 
special measures, 204 

attendants, 206 
disinfection, 204 
flies, 206 
isolation, 204 
psychoses in, 152, 198 
asthenic, 154 
at onset, 152 
febrile, 153 
ptosis m, 160 . 
pulse in, 143 ^ 
pyelitis m, 164 
P 3 mria in, 163 
recrudescence in, 171 
reflexes m, 158 
relapse m, 171 

intercurrent, 172 
ordinary, 171 
renal system m, 161 
reproductne system m, 165 
respiration m, 140 
respirator}^ system in, 139 
organisms in, 142 
retinal hemorrhage in, 160 
rose spots m, 116 
round ulcer of stomach in, 121 
m rural distncts, 78 
skin m, 116 

m South African War, 79 
special senses m, 160 
spinal lesions in, 158 
spleen m, 135 
stomach in, 121 
stricture of oesophagus m, 121 
stupor m, 151, 154 
submaxillary glands m, 120 
sudden death m, 200 
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Typhoid fe\ er, suppuratn e pj lephlcbitis 
m, 137 

sweating m, 119 
symptoms of, 104 
S 3 'phihs and, 181 
taches bleuatres in, 117 
tendei toes m, 159 
tetany m, 150 
thiombosis m, arterial, 146 
lenous, 147 
thyroiditis m, 166 
toxasmia m, 198 
treatment of, 208 
b}" drugs, 217 

antip 3 reties, 217 
intestinal antiseptics, 
217 

ehminatne, 217 
expectant, 213 
general considerations, 209, 
229 

diet, 211 
water, 212 
hydrotherap\ , 213 
packs, 213 
sponges, 213 
tub baths, 213 

method of, 215 
objections to, 215 
serum, 218 

of special conditions, 218 
abdominal pain, 
224 

of alimentar}' 
tract, 220 
bacilluna, 226 
of bone lesions, 
227 

cholecystitis, 224 
of circulator}’’ sj’s- 
tem, 225 
constipation, 221 
of con\ alescence, 
227 

diarrhoea, 221 
of ductless and 
other glands, 
227 

hemorrhage, 221 
meteorism, 220 
of ner\ ous s} s- 
tem, 219 
perforation, 222 
phlebitis, 225 
of relapse, 227 
of respirator} 
tract, 225 
of sequel-c, 229 
of skin, 226 
of stomach, 220 
of tender toes, 
227 

of toxamia, 218 
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T3phoid lexer, treatment of specjal con- 
ditions of unnarj tract, 226 
tremor m, 16G 
tiichinosis and, 181 
tuberculosis and, 179 
types of, 102 

local infection, 103 
mixed infections, 103 
paratj'phoid, 103 
terminal, 103 

u ith slight intestinal lesions, 
103 

u itli usual intestinal lesions, 
103 

Tiitliout intestinal lesions, 
103 

tjphoid spine in, 167 
typhus fe\er and, 240 
ulceration of lar3mx m, 139 
of rectum in, 135 
ulcers of oesophagus in, 121 
of skin m, 118 
urethritis in, 164 
urinary pigments in, 162 
urine, incontinence of, in, 165 
retention of, in, 164 
urticaria m, 117 
variations in, depending on age, 
176, 197 

on condition, 175, 198 
on race, 176, 197 
on sex, 176, 197 
varieties of, 173 
afebrile, 175 
ambulatory, 174 
hemorrhagic, 175 
malignant, 173 
mild, 173 
■vomiting in, 121 
vater-supply and, 83 
Widal reaction m, 187 

diagnostic 1 alue of, 
190 

technique of, 188 
pneumonia, 584 
spine, 167 
T3 phus fe\ er, 231 

albuminuria in, 239 
associated "nath other diseases, 
240 

blood in, 238 

chronic alcoholism and, 240 
comalescence in, 240 
deafness m, 238 
definition of, 231 
diagnosis of, 241 
at onset, 241 
of eruption in, 242 
from cerebrospinal menin- 
gitis, 242 

from drug rashes, 243 
from influenza, 242 
from malarial fever, 242 1 


l3q)hus feier, diagnosis of, from measles, 
242, 243, 388 
from plague, 242 
from purpura, 243 
from relapsing fever, 242 
from scarlet {e\ei, 242 
from sejitictcmia, 242 
from typhoid fever, 192, 
242 

from uraimia, 242 
dia/o reaction m, 239 
epistaxis in, 238 
etiolog3’^ of, 232 
age, 233 
immunit3^, 233 
sex, 233 

social conditions, 233 
geographical distribution of, 232 
hemiplegia in, 238 
history of, 231 
laundice in, 239 
lobar pneumonia in, 622 
menstruation in, 239 
morbid anatomy of, 233 

circulatory system, 234 
digestive tract, 234 
genito-unnary organs, 
234 

nerv ous system, 233 
respiratory tract, 234 
spleen, 234 
myocarditis in, 238 
nephritis in, 239 
orchitis in, 239 
pleurisy in, 238 
pneumonia in, 238 
pregnancy in, 239 
prognosis of, 240 
relapse in, 240 
symptoms of, 234 
circulatorj'^, 238 
course, 235 
defervescence, 236 
digestive, 239 
genito-unnary, 239 
incubation, 234 
nen'ous system, 237 
onset, 234 
rash, 236 
respiratory, 238 
special senses, 238 
temperature, 235 
tremor, 238 
treatment of, 243 
ty'phoid fei er and, 240 
A anations m, 239 
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Ulcers of epiglottis in typhoid fe^'er, 94 
of gall-bladder in typlioid fe\er, 100 
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Ulcers of intestines in typhoid fever, 97 
of larynx in typhoid fe^er, 93, 139 
of oisophagus in typhoid leier, 95, 
121 

of pharynx in typhoid feve., 95 
of rectum in tj^phoid fe\er, 135 
of skin in t 3 'phoid fe^er, 118 
of stomach m t 3 phoid lever, 121 
of trachea in typlioid fever, 94 
vaccinal, 322 

Uraimia, diagnosis of, from typhoid fever, 
242 

m diphtheria, 415 
Urethritis in mumps, 466 
in typhoid fever, 164 
Urinary tract m typhoid fever, 101 
Urine in acute rheumatism, 685 
in dengue, 493 
in erysipelas, 529 

isolation of typhoid bacilli from, 186 
in lobar pneumonia, 578 
retention of, 612 
in measles, 384 
in plague, 770 
m smallpox, 287 

suppression of, in diphtheria, 415 
in typhoid fei er, disinfection of, 205 
incontinence of, 165 
retention of, 164 

treatment of, 226 
in V, hooping-cough, 456 
in yellow lever, 752 

Urticaria, diagnosis of, from erysipelas, 
531 

from erythema infectiosum, 400 
in diphtheria, 414 
in lobar pneumonia, 613 
in measles, 387 
in typhoid fei er, 117 


V 

Vaccination, 301 
accidental, 321 
anomalies of, 319, 321 
clinical features of, 313 
complications of, 321, 325 
definition of, 301 
ec7ema m, 323 
eruptions of, 320 
ery'sipelas in, 322 
etiology of, 304 
generalized, 321 
hemorrhagic diathesis and, 322 
history of, 301 

immunity to, congenital, 316 
hereditary, 316 
imperfect, reasons for, 326 
impetigo contagiosa in, 323 
1 aw regarding, 327 
leprosy m, 324 
measles m, 323 


Vaccination, method of, 311 
parotitis in, 322 
pemphigus m, 323 
post-vaccinal gangrene m, 322 
practical application of, 325 
psoriasis in, 323 
relapse, 320 
scarlet fever m, 323 
smallpox and, 323 
syphilis m, 324 
tetanus m, 324 
tuberculosis in, 324 
ulcers 111 , 322 
Vaccine pulp, 308, 310 
aims, 308 

preparation of, 310 
Vaccinia, blood in, 314 
effects of, 315 
etiology of, 304 
feaer m, 314 
immunity from, 316 
lesions of, 307 
bodies in, 257 
in calf, 309 
nature of, 303 
organism of, 304 
Varicella, 329 See Chickenpox 
Variola, 250 See Smallpox 
Varioloid, 282 

Vegetables, typhoid infection from, 87 
Vertigo m epiaemic cerebrospinal menin- 
gitis, 503 
m influenza, 478 
m lobar pneumonia, 565 
Virulence, agressm theory' of, 42 
of infectious agents, 40 
parasitic life and, 43 
relation to receptors, 41 
resistance and, 42 
Vomiting in Asiatic cholera, 729 
m diphtheria, 416 

in epidemic cerebrospinal meningitis, 
503 

in lobar pneumonia, 605 
in measles, 385 

treatment of, 393 
m smallpox, 277 
in typhoid feaer, 121 

treatment of, 220 
in y'ellow fever, 751 
Vul\a, diphtheria of, 413 
V'^uh oi’aginitis in measles, 387 


W 

AVaxdering pneumonia, 583 
Water, ty phoid infection from, 83, 212 
Westphal’s sign in pneumonia, 5S7 
Widal reaction in ti phoid fei er, 187 
Whooning-cough, 452 
alliuminuria in, 457 
blindness in, 458 
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Whooping-cough, blood m, 456 
bronchiectasis in, 457 
bronchitis in, 457 
bronchopneumonia in, 457 
cause of, 453 
cerebral diplegia in, 458 
hemorrhage in, 458 
chorea m, 457 
complieations of, 456 
comulsions in, 458 
definition of, 452 
diagnosis of, 458 
diarrhma in, 457 
diphtheria and, 456 
duration of, 456 
emphysema in, 457 
encephalitis m, 458 
epileps}’- m, 457 
etiology of, 452 
hemorrhage in, 456 
hernia in, 457 
history of, 452 
incubation of, 454 
leukocytosis m, 456 
lobar pneumonia in, 457 
measles and, 456 
misuse of drugs m, 456 
neri’ous conditions in, 457 
neuritis in, 458 
neuroses in, 457 
oedema of glottis in, 456 
paralysis m, 458 
pathology of, 454 
pleurisy in, 457 
prognosis of, 459 
prolapse of rectum m, 457 
prophylaxis of, 459 
psychoses in, 457 
recurrence of, 454 
scarlet fe\er and, 456 
skin in, 456 
S 5 ’’mptoms of, 454 

catarrhal stage, 454 
decline, 455 
paroxysmal stage, 455 
spasmodic stage, 455 


Whooping-cough, synonyms of, 452 
treatment of, 460 
lygienic, 460 
medicinal, 461 
urine in, 456 
Wound infection, 25 


T 

Yellow fever, 736 

definition of, 736 
diagnosis of, 752 

from dengue, 494, 753 
diazo reaction and, 753 
digestive tract m, 748 
epistaxis in, 752 
etiologj’^ of, 739 
Faget's sign in, 751 
hemorrhages in, 752 
history of^ 736 
laundice in, 751 
kidnej's m, 750 
leukocytes in, 753 
liver in, 749 
mortality in, 754 
mosquitoes and, 742 
onset of, 750 
organism of, 747 
pathology of, 748 
prognosis of, 754 
sequelte of, 754 
skm in, 752 
spleen in, 750 

Stegom 3 ua fasciata and, 745 
susceptibility to, 747 
symptoms of, 750 
synonyms of, 736 
treatment of, 754 
eliminative, 759 
hygienic, 754 
medicinal, 757 
prophjdactic, 754 
urine in, 752 
vomiting in, 751 




